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PREFACE TO FIRST EDITION 


The addition of another to tJie long list of books which have 
boon written on ovolutionar}" subjects would hardly be justified 
in tbc present iiistaocc were it not for the fact that the writer is a 
paleontologist, whose vie\i^int and the e^^dence at his disposal 
are therefoi-e Tnaterially different from those of the great majority of 
authors who have enriched the literature of evolutionaiy biology. 
The discussion is not based solely upon existing evidences, but also 
upon the geologic life record, which, although very imperfect com¬ 
pared with that fonncrly present, is nevertheless wonderfully rich 
in precept and example such as do not come within the scope of the 
usual methods of instruction. The work aims to be coniprehensivc 
in its scope^ but should make a special appeal to students of tho 
past life of our gblie. It is hoped, however, that a wider public 
will learn thereby that the geienee of Paleontology has a uiuquo 
social or human value. 

The work is the outcome of twenty-throe years of college teach¬ 
ing, during the last eleven of which courses more or less closely 
paralleling the substance of the present volume have been offered 
to Yale Univeralty students. While the course at Yale has been 
presented in the form of lectures, a text-book^ Jordan and Kellogg^s 
Evotutim Animal Lif^f has been used for reference^ especially 
in the earlier lectures. The use of that excellent work has neces¬ 
sarily influenced the author^s teaching, and as a consequence the 
writing of the present bookj certain chapters of which will be seen 
to parallel somewhat those of Jordan and Kellogg. The writer 
wishes thus to acknowledge his indebtedness to this source. For 
the larger part of the work^ the $Dareca vary, the principal refer- 
eoces being given at the close of each chapter. These, eoUectively^ 
form a representative bibliography of the subject from the present 
writer's |>oint of \flew. 

Each chapter as it been written has been referred to one or 
more of the author'3 colleagues for criticism, and, so far as possible^ 
such critii-isms have been met and suggested additions inserted. It 
is hoped that by so doing errors of fact hav^c been in a measure 
diminated^ the final responsibility, however lies with the author, 

vii 



viU PREFACE TO FIRST EDITION 

I am deeply indebted to my coUeagues, Professors Schuchert, 
Barrel!, and Woodruff of Yale University, and to Professor W. K. 
Gregory of Columbia University and the American Museum of 
Natural History for painstaking criticbm, as they have collectively 
read and commented upon the entire work. Doctor W. D. Matthew 
of the American Museum, and Professor H, H. Wilder of Smith 
College have also aided me in the text, while I am able through the 
courtesy of President- Osborn of the American ^luscum, the New 
York Zoological Society through Mr. C, W. Beebe, the United 
States National Museum, that of the Academy of Natural Sciences 
of Philadelphia, and the Peabody Museum at Yale to present the 
series of photographs which form the plates, Phe text-figures, 
which have been taken from many sources, have, with very few 
exceptions, been especially drawn for the book, and aro very 
largely the work of Mr. William Baake, which was rendered pos¬ 
able through the generosity of the publishers. A very great portion 
of tho labor of preparing the manuscript and of seeing it through 
the press has fallen to Miss Clara M. LeVcnc of the Yale Museum, 
to whom I am especially ^teful. 

RicHAno SwAXsr Luu, 

YAT-E UmVEBSlTT 
June, t9l7 


PREFACE TO RE\1SED EDITION 

AfTEii ten yeare of service, the Organic Evolution textbook 
began to show signs of senescence, and need of rcjuvenescent'O 
was indicated, both as a result of the advanocment of our science 
and of further experience in the presentation of the subject to 
successive Yalo class®. Constructive eritieism waa invited from 
a number of my colleagues, and the request was graciously met 
by Messrs. W. D. Matthew, L, L, Woodruff, G. C. Simpson, C, 0, 
Dunbar, and H. B. Ferris. This criticism has been embodied in 
the detailed revision and has, I trust, resulted in a further reduc¬ 
tion of error and the addition of material of value. One chapter 
has been omitted, others rc-arrangcd as to sequence, and two new 
ones dealing with cetaceans and ^uth American mammal radia¬ 
tion inserted. I am iodebted to the Eiodleian Library of Oxford 
University and to the British Museum of Natural History for 
courtesies extended while in residence, during which work on the 
revision was carried on. I am particularly fortunate in having 
the direct assistance of Miss Edna M. Gillette and Miss Clara M. 
LeVone in the preparation of the manuscript and in seeing it 
through the press. 

KicHAiiD SwANx* Lull 

New HAVE^', Conn. 

September, 1340 
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CHAPTER I 

HISTORY OF EVOLUTION 

The problem of the creation resolves itself into two aspects; the 
oAgin of the forms of life, and the origm of life itself. It is not 
surprising;, therefore, that these great questions should be among 
the earliest recorded speculations of humanity, for life in its varied 
forms comes so close to personal experience. 

Theories of Origin.—Four theories have been advanced to ac¬ 
count for the existence of the varied kinds of animals and plants 
□n earth to-day— theories in some respects diametrically opposed 
to one another, in other respects somewhat in accord. They are: 

1. Eternity of Present Conditions. 

2. Special Creation or Creationism. 

3. Catastrophism with 

a. Repopuiation by immigration. 

b. Repopulation by successive creations, 

4. Organic Evolution. 

Theory of Eteilsity of Present Conditions 

The first theor>' argues for the unchangeableness of the universe, 
bolding not only that organisms have been unalterable throughout 
their existence, but that they have aJwaj-sexisted and will continue 
to exist in the same unchanging state throughout eternity. This 
was apparently the beUcf of verj' few authorities, for one finds 
almost DO allusion to it in the literature of science, although Hutton 
wrote: "The result of this physical enquiry is that we find no 
vestige of a begi nning—^no prospect of an end* W hether this 
should be interpreted as a statement that the world has neither 
beginning nor end is, howe^’er, open to question. 

Theory op Sfeciae Creation 

The second theory', that of Special Creation, or Creationism, is 
the literal interpretation of the Mosme account of creation get 
forth in the first chapter of Genesis-a simple story, beautifuUy 
told, derived from the Hebrew tradition and well suited to the 
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atat^ of kaowledge of the times and of the people for whom it was 
wTittca. This accoont^ strictly iaterpreted, has been the teas^hiogj 
not alone of the Hebrew^ but of the Christian chureh authorities 
for many centuHeSp although the increase of zoological knowledge 
made it harder and harder to reconcile with obser\'cd facts^ until 
it was replaced by the doctrine of Evolution, 

Suarez.—One of the greatest advocates of the Special Creation 
doctrine during Christian times was Father Suarez (1548-1617)^ 
a Spanish Jesuit priest^ w'ho taught emphatically that “the world 
was made in six natural days. On the first of these days the 
pn>fia was made out of nothing, to receive aftemards those 'sub¬ 
stantial forms^ which moulded it into the universe of things; on 
the third day^ the ancestors of all living plants suddenly came into 
being, fulI-growTij perfect, and possessed of all the properties which 
now dii^tinguish them; white^ On the fifth smd abeth days, the an¬ 
cestors of all existing animals were sinnlarly caused to exist in their 
complete and perfect state, by the iofuslon of their appropriate 
material substantial forms into the matter which had already been 
created. Finally, on the sLxth dayp the OTitma rati&Ttalis —that 
rational and immortal substantial form w'hich is peculiar to man— 
was created out of nothing, and ^breathed into^ a mass of matter 
which, till then, was mere duat of the earth, and so man arose. 
But the species man was represented by a solitary male individual, 
until the Creator took out one of hk ribs and fashioned it Into a 
female" (Hnxley), 

So profound was Suarez' influence upon European Catholic 
thought that his teaching continued to be the only orthodox belief 
in Europe until the middle of the nineteenth century. In a similar 
manner John Milton (1608-1674J mfiueaccd Protestant thought 
in England by the wondroualy written story of the creation in 
Paradise Lost. 

Some advocates of the theory claimed that- none of the forme 
had changed in the several thousand years which had elapsed 
etnee the beginning; but that the latter^iay descendants w^ere in 
ever^^ way precisely sbiiilar to the original pair when they issued 
from the hands of their Creator, Other keen observers, like Lin¬ 
naeus, thought that all the species of one genii,g constituted at the 
creation but one form, afe intfto speciCTw; their 

number being subsequently increased through intererossing with 
other species, and the hybrids thus produced forming additional 
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speciets to those originally created. LiciLaeii^ also held that cer¬ 
tain forma had lo^t their pristine chaiucter through degeneracy— 
the result of climate and environment. 

THKOny OF CATA^miOPHlSM 

Cuvien—A new complication arose through the diseov^ery of 
older faunas^ the remains of which were preserved In the fonn of 
fossils and which seemed to represent creatures whose existence 
antedated that of the living Cuvier (1769-1S32L one of 

the founders of the science of Paleontology, became interested in 
the bones which lay buried in the gypsum quarries in the hill of 
Montmartre within the present limits of the city of Paris. His 
studies of these fortnSp and especially hL«i reconstructions of their 
skeletons, showed the great anatomist that he was dealing with 
extinct animals which had no existing representatives, Cuvier 
also had, because of his official position in the Jardin des Plantes^ 
the opportunity to study hosts of specimens from all parts of the 
earth, and as a result of his researchj gave to the world a new 
theory^ that of Catastrophlsm or Gatadysm, to account for the 
extinction of these forms, He is generidly aceredited with the 
belief that the cataclysms were world-wide and that the slaughter 
of the older fauna necessitated the creation of a new' one to take 
its place. That belief, however, w^as held by later scholars of the 
same school, but apparently not by Cuvier. 

What Ca\ier believed was that the catastrophes were locah 
^'sudden revolutionSj such aa subsidences of the earth's cm$t^ 
followed by invasions by the sea of continents once dry-/* while 
“other revoluticms reaulting in the upheaval of mountain chains 
have again cast back the waters and allowed, on the foundation of 
the dried bottom of the sea, the constitution of continental soils 
favorable to the expansjion of new terrestrial faunas^ these new 
faunas are not created on the spot, but come from distant regions, 
their migration from which has become po$Hible oiving to tem¬ 
porary bridges between continents” (Dep^ret). Ciivier^s belief 
has a great deal of truth in it, except that the “ re volutions,“ with 
resulting climatic change and consequent extinctions and immigra¬ 
tions, have been rapid only in proportion to the length of geologic 
time, but veryv very slow as mortals note the flight of years. 

D'Orbigny.—Further knowledge of historical geology led to an 
expansion of the catastrophic belief far bc3''ond the teaching of 
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Cuvier, and poirt-ulated a i-e-creation following each cataclysm and 
corresponding to the principal geologic periods. Alcide d'Orbigny 
(1S02-1857), writing in the year 1848, expounded this theory as 
follows: 

“The first creation shows itself in the SUurian After its 

annihilation through some geologicaJ cause or other^ a second crea¬ 
tion took place a considerable time after in the Devonian stage, 
andj twenty-seven times in sue cession, duiinci crcaltQn^ have come 
to re-people the whole earth with its plants and animals after 
each of the geological disturbances w^hieh destroyed everything 
in living nature. Such is the fact, certain but incoraprehensible, 
which we confine ourselves to stating, without endeavoring to 
solve the superhuman mystery which envelops it” (Dep^ret). 

THtOKY OF Oaoa?ac Evolution: 

Evolution is the gradual development from the simple unorgan¬ 
ized condition of primal matter to the complex structure of the 
physical univeme; and in like manner, from the beginning of or¬ 
ganic life on the habitable planet, a gradual unfolding and branch¬ 
ing out info all the varied forms of beings vrhich constitute the 
animal and plant kingdoms. The first is called Inorganic, the 
last Orgonjc Evolution, or descent with modification. 

Early Greek Theories.—Organic Evolution is often imagined 
to be a nineteenth century contribution to biologic science, whereas 
the idea is itself the product of an evolution of thought and is the 
fniitlon of no fewer than twenty-four centuries of speculation and 
research^ The germ of the evolutionajy idea had its incept ion 
with the Greeks, whore wonderful fertility of mind haa so en¬ 
riched the world, the first ivriter to deal with the problem, Anaxi¬ 
mander, living five and a half centuries before the Christian era. 
Empedocles (495-^35 h.c.) may be called the father of Evolution, 
though the Evolution that he taught implied no succession of re¬ 
lated animals^ gradually improving in successive generations, but 
a seri^ of attempts on the part of nature to produce more perfect 
forms, the unfit being eliminated* He is the first to show the pos¬ 
sibility of the origin of the fittest forms through chance rather than 
through design. 

Another Greek, Democritus (460-F357 e,c.), w'ent further than 
Empedocles in that he taught the adaptations of single structures 
and organs, whereas the latter applied the idea t o entire organisTiis. 
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But by far the most notable fig^ire in Greek philosophy was 
Aristotle (3S4-322 whose ver>atslity m a writer upon aU 

aspects of liiunan knowledge was remarkable. In view of the 
Uinited opportunities for observation possible in those days when 
the teeming host of microscopic forms as well as the estinct crea¬ 
tures were utterly unknown, the deductions of Aristotle, even 
where he appears to retrogress from the truth^ are highly logical^ 
He did not believe in Special Creation, neverthelesa he postulates 
an intelligent design as the primary cause of the changes wkiqh 
have been wrought in nature, and the central thought in his evolu¬ 
tionary theory, if sueh it was, is an iidemal jterfeding tendcJi^ 
impelling organisms to greater and greater perfection. As a result 
of this, he a complete gradation in nature from the mineral 
to the plant, the plant-Hke animal, the anim al with sensor and 
hence locomotor powers, and finally man. 

Aristotle considered life a function of the organism, not a sep¬ 
arate prineiple, and had an understanding of adaptations and of 
heredity, even of the atavistic heredity wherein an ancestral trait 
reappears in a later descendant after having bin dormant for 
several generations. Osborn sa^^s of him: 

Aristotle's atgument for “operation of natural law, rather than 
of chance, in the lifeless and in the lining world* is a perfectly logi¬ 
cal one, and his consequent rejection of the hypothesis of the Sur- 
vival of the Fittest, a sound induction from his own Umited knowl¬ 
edge of Nature. . + . If he had accepted Empedocles' hypothesis 
[of the origin of the fittest through chanee rather than through 
dcaign] he would have been the literal prophet of Darw'inism." 

To summariic, then, the Greeks offered as causes of evolutionary 
change three explanations: 

1. Intelligent dcidgn, 

2. The operation of natural law-a irnplanted by intelligent do- 
sign, 

il. The operation of natural causes due to law’s of chance — no 
evidence of design, even in origin. 

MiddJe Ages.—And now, for hundreds of years, owmg largely 
to the repre^ive measures of the church authorities, though some, 
like Saint Augustine, would have taught otberw^be, the progress 
of the evolutionary idea virtually ceased untU the coming of the 
philosophers Bacon, Descartes, Leibnitz, and Jvant, and the nat¬ 
uralists LimiiBiis, Buffon* Erasmiia and Charles Darw'in, £. Geof- 
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fioy and Lamarck. The philasophers contributed very 

materially to the problema of causation, but the real proof of 
Evolution lay in the fact^s concerDing animate nattire which the 
naturalists gathered and explained. 

Liiin^tis.—-Among the great naturalists, Linnseijs (1707-1778) 
waa a contributor of facts rather than of theory, for hie faith in 
the origin of species through Special Creation never wavered, ax- 
cept that he believed in the production of post-creation forms by 
hybridizing op by degeneracy due to climatic change. He was one 
of the Ei^t to put systeiuatic zoology' on a him basis and advoeatod 
the scheme of double Latin names for each clearly defined species 
of animal and plant. linmeus' work, however, proved a great 
stimulus to the research along evolutionary lines which was car¬ 
ried out by his contemporaries and successors. 

BuSon.—First among these was Buffon (1707-1788), a French 
savant, who, Osbom was the naturalist founder of the 
modem applied form of the evolution theory.'^ EuUon lived in a 
time when to express one's views along lines not deemed orthodox 
by ecclesiastical authority might invite serious annoyance or even 
persecution, and he was not of the stuff of which rnartyrs arc made. 
To this may have been due his apparent wavering between Special 
Creation and Evolution. Then, too, he wrote in such a way that, 
as he hoped, his ideas would be appreciated by scientists but 

beyond the reach of the censor and dilettante.^* This adds to the 
difficulty of interpretation, as it require some reading between 
the lines to get his real meaning. 

Buffon*8 teaching may be briefly summarized thus: The chief 
factor in the mutation of species was “the direct mfluence of en¬ 
vironment in the modification of the structure of aniinals and 
plants and the conser%^ation of these modifications through hered* 
ity.** The transmission of these acquired characters, however, Is 
nowhere expressly stated by Buffon, but is certainly implied, Pack¬ 
ard teUs us that Buffon was not an original investigator, leaving 
no technical papers nor memoirs, but w^as a brilliant writer and a 
popularizer of science. His voluminous works express not only the 
evolutionary factor which he advanced but ideas on the influence 
of climate on various races of men, the formation of new varieties 
of animals through human mtervention (arti&eial selection), and 
the same results produced by nature through geographical migra¬ 
tions. Thus he understood the significance of isolation, although 
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he did not expressly state it. Buffon did, however, record his 
views on the struggle for existeuee to prevent overcrowding and 
thu.s to maintain the balance of nature. Herein he anticipatea 
Malthus, whose work on human population later proved to be so 
great a stbnulua to Darwin and Wallace. Bnffon also speaks of the 
elimination of the least perfected species and the contest between 
the fecundity of certain species and their constant destruction. 

Erasmus Darwin (1731-1802) was a country physician, a nat¬ 
uralist, and a poet of some distinction. He was the grandfather of 
Charles Datwin, to whom he seems to have transmitted the lovo 
of science and desire to know what could be learned concerning 
the deeper problems of life. Erasmus’ direct Influence upon his 
grandson, however, through the medium of his writings, seems to 
have been slight. 

The elder Darwin's theory^ as to the cause of evolution differed 
from that of Buffon in that he did not emphaaiae the influence of 
the directly acting environment, but believed that modifleatioos 
spring from within by reactions of the organism, an idea more 
nearly comparable to that of Lamarck, but going even further than 
the latter’s in being applied to plants as well as to animals. Thus 
he says: “All animals undergo transformations which are in part 
produced by their own exertion.^, in response to pleasures and 
pflina, and many of these acquired forms or propensities are 
transmitted to their posterity." This is the fi«t time that the 
factor of the inheritance of acquired modifleations is clearly stated. 

Erasmus Daradn emphasises the fierce struggle for cxistenoB 
which, be says, checks the rapid increase of life snd thug ig ben- 
efleial in the end; hence he just misses the idea of sunlval of the 
fittest in connection with the stniggle for existence. 

Doctor Darwin believed that powers of development were im¬ 
planted within the original or^nism by the Creator, and that 
these in turn gave rise to the varioug adaptations without further 
divine intervention. He does not, however, bdieve in the mtemal 
perfecting principle of Anstotle but holds that the power of im¬ 
provement rests with the animal’s own efforts and that the result 
of these efforts upon the creature’s body can be transmitted to ita 

offspring. , n 

Two distinctly modem conceptions are attributed to Eraamug 
Darwin; the statement of the evolution of all forms of life from a 
single protoplaamic mass, or, as he himself expresses it, from a 
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filarnentp capable of beiog excited into action by varioiis 
kinds of stimtiU; and the idea of the imineosUy of time—miJloDB 
of years—required for the ev'olution of the organic world. 

Lamarck (1744-1829) wa 5 one of the most remarkable os well 
as one of the mo^st pathetic figures in evolutionary history. A man 
of brilliant attainmente, yet because of ideas which failed to meet 
the approval of the influential Cuvier^ and because of his own 
blindness and poverty^ be suffered social ostracism for what he 
thought to be the truth and only received a tardy appreciation 
years after his death. The work of Lamarck as a philosophical 
zoologist parallels that of Erasmus Darwin so closely that it would 
almost seem as though the latter must have been the inspiration if 
not the source of Laiuarck's thought. The possibibty of thL^j, how- 
ever, is stoutly denied by Packard^ who states emphatically that 
Lamarck Wiis in no way indebted to Erasmus liarw in for any 
hints or ideas. Charles Darwin notes the similarity when he says : 

is curious how largely my grandfatheri Dr. Erasmus Darwiiij 
anticipated the views and erroneoua grounds of opiiuon of La^ 
marck-'^ 

It is the latter's PAiio wpftfe Zo^hgigu^t published in 1800, which 
pamllels Erasmus Darwin^s Zoorwmia most closely and eontains 
the final statement of the author upon his evolutionary hypothealSj 
which was never developed beyond this point. 

Lamarck^s theory of the evolution of animals was not that 
change was the nosult of the direet action of the enviroinnentj but 
that the latter acted on mternal structure through the iieiv^ous 
ajTjtem. Herein he agrees with Erasmus Darwin. The latter went 
still further, how^ever, since he thought that plants could also 
‘react to cn^ironraental stimulus through their sensibility. La¬ 
marck* on the other liond, thought that plants w'ere directly in¬ 
fluenced by their sunrounding conditions* so that, while agreeing 
with the elder Darwin in regard to animal evolution, his views on 
that of plante were in accord wdth those of Ruffon. Either theory* 
however, depending as it does upon the changes WTOugbt upon the 
indimdu^l, implies the inheritance of acquired characters, a thing 
which Lamarck assumed and never tried to prove; and, as w'e hIioU 
see, the whole fabric of his theory rests upon the possibility or im¬ 
possibility of this one point: whether the charucteristics im- 
pres. 5 ed upon the organism during ite lifetime can be transmitted 
to its young. 
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Among the notable contributions of Lamarck to the science 
which concerns itself with living thiagi were the term “Biology" 
(a word coined simultaneously by Treviranus) whereby that 
science is now designated j his conception that species vary under 
changing conditions; the theory of the fundamental unity in the 
animal kingdom; and the idea of a progressive and perfecting 
development of animals and plants. This last he says is due to a 
certain order originally imposed upon nature by its Author^ which 
is manifest in the successive development of life. He denied, how- 
ever, any idea of a perfecting principle in nature. In diunetric 
opposition to Cuvier's teaching, Lamarck denied all catastrophes 
in geology or sudden changes in organic life, but wss an advocate 
of the Umfonnitariao school, believing in a gradual change 
without any sharp breaks either in the continuity of terrestrial 
history or in the evolution of animals and plants, All that is 
needed to effect any evolutionary change, he held, is matter, 
space, aud time. 

Lamarck al^o givi^ us the first real conception of the tree of life, 
or phylogeny. All classifications before his time had been simply 
a numeiicaf succession of loblogjcal groups arranged one above 
another. In Lamarck’s earliest attempt, published in 1802, he uses 
the vertical scale, which Osborn compares to a fir tree with central 
stem and radiating branches; but in 1809 he had arrived at the 
true conception of life os a tree branching from the r^ts into 
larger and smaller stems. In a later attempt in 181fi ills tree is 
still branching, and he has realised the apparent isolation of the 
vertebrates, which present-day authorities are at a loss to connect 
with their invertebrate ancestry. With the development of his 
tree of life came the conception of extinction of past races of ani¬ 
mals and plants. This Lamarck dearly understood as applied to 
the lower grades of organisms, but he could not Unagiae how so 
perfect a being as a mastodon could possibly become extinct ex¬ 
cept through the interference of mankind. He thought that as the 
lower forms evolved into higher or became extinct, they were re¬ 
placed by the increasing creation of uew beings. The persistence 
of certain primitive types w*as perplexing, but was expliuned by 
the apparent fact that in their ovm peculiar endronment there 
had been but bttle change, and changing conditions were a sine 
qua non of evolution. 

In summing up Lamarck's work, one must account for the small- 
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aeaa of his influence upon evolutionary thought, for he had but a 
single follower in all France. Locally, Cuvier’s prestige and his 
Own blindiiess, which rendered his retirement necessary, were 
largely responsible. As Osborn says: “Laniarek, as a naturalist, 
exhibited exceptional powers of definition and description, while 
in his philosophical writings upon Evolution, his speculation far 
outran Im observations, and his theory suffered from the absurd 
illustrations which he brought forward in support of it. ... His 
critics spread the impression that he believed animals acquired 
new organs simply by wishing for them. His really sound specula¬ 
tion in Zoblofij' was also injured by hk earlier and thoroughly 
worthless speculation in Chemistry and other branches of science. 
Another marked defect was, that Lamarck was completely carried 
away with the belief that his theory of the transmission of acquired 
characters was adequate to explain all the phenomena. He did 
not, Uke his contemporaries, Erasmus Darwin and Goethe, per^ 
ceive and point out, that certain problems in the origin of adapta¬ 
tions were still left wholly untouched and unsolved. ... His 
arguments arc, in most cases, not inductive, but deductive and 
are frequently found not to support im law, but to postulate it.” 

Lamarck's place among scientists b not yet really establbhed. 
He was undoubtedly a naturalist of the firat rank, but as an evolu- 
lomst, although he later gained, especially in America, a large 
following, he cannot yet be placed, as the crucial j^int in his 
whole theory'- is still eat jitdice. 

E. Geoffroy St.-Hilaire {1772-1&14), another Frenchman and 
a wntemjwrary of lamarck, was not, however, his follower but 
rather a disciple of Buffon, going back to the old factor of direct 
euvironmcntal mfluence as the sole cause of evolution. He anti<> 

T that transmuta- 

riop, or the change from one species to another, might be by sud¬ 
den leaps or salUtions, a theory which was in direct opposition 
to Lam^ck s^Ijef m the slow deliberation of the process. St.- 

So™ r underIjHng causes of sudden 

transfonnation were profound changes induced in the egg by ex- 

^ow the exig ence of intermediate forma, those perplc-ring "miss- 
uig bnk.B m the phyletic series, and it also removed the objection 
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that interbreeding would speedily swamp new characters accord^ 
iiiR to the law of averages* becau^ phyaiologicaJ isolation, w'hleh 
prevents indlscriiaiiiate mating, would thus be secured. While 
St .-Hilaire can with j ustice be called one of the founders of Evolu¬ 
tion, his influence in ita development not as great as that of 
his isoatemporaries. 

Charles Darwin (1S09-1S323 is beji^ond doubt the foremoat 
figure in evolutionary history, not so much for the originality of 
his ideas^ for they had already been largely anticipated by his 
predecessor* but because of the abundant proof with which his 
statements were accompanied* proof based upon thousands of 
careFul observations extending over a long term of years- Dar¬ 
win's wonderful development and application of the inductive 
method, making theory everywhere subservient to fact* and the 
clarity and simplicity of his exposition made his arguments ir- 
resistiblej and accomplished what none of those who went befoto 
him could possibly have done—the wide acceptance of his doctrine, 
not alone by biologists but by thinking men in general. While 
some of the so-called Darwinian factors* notably that known as 
sexual selection, are to a large extent discredited in the light of our 
greater knowledge^ the fact that Darwin's wort paved the way 
for the general acceptance of the truth of Evolution puts him at 
the forefmnt of the master minds whose contributions to the sci¬ 
ence made this acceptance possible* 

The stoiy' of Darwin's life is well known. Bom on the twelfth 
of February, 1805, this emancipator of human minds from the 
shackles of alaveiy to tradition saw the light upon the very day 
that ushered in the life of Abraham Lincoln, the emancipator ol 
human bodies from a no more real ph^^ical bondage, Daruln 
studied first at Edinburgh, but finding medieine misuitcd to his 
tastes, entered Christ's College, Cambridge, as a candidate for 
the church. His love of nature, however, dominnted aU other in¬ 
terests* and shortly after graduation an opportunity came to join 
the ship Beagle” as natumlist in a voyage of exploration around 
the world. The five years spent upon this memorable journey, the 
narrative of which is so adniLrably set forth in the book A jVa/- 
malisCs oroufld the H^oriei* resulted in tbe accumulation 

of the first of Darw io's great series of observations, the final de> 
cision to devote his life to zoiilogical research, and the beginning 
of that Illness which made him a life-long invalid. This last factor 
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Qecesaitated a retired life and t-bu6 proved of indirect benefit, ss it 
enabled Kim to accomplish the immense amount of work which he 
did without beiuR impeded by the distractions of a pubUc career. 
A brief chronoloEy of DarwLn’fi scientific and literary workj which 
had for its climax the appearance of the epoch making Origin of 
Specks, is as follows: 

lS3l-li(36, Voyage of the “Benfile”: 

1837, Beginning of the note^aHik for the coUfiction of facts bearing upon 
variation in animals and plants; 

1S38, Bead Malthus on population ^ and coaeei\'ed the idea of natural 
selection as the result of the struggle for existence; 

1842, Allowed himself briefly to set down his views for the first 

1S44, Wrote a mere elaborate gtatement of hw progress which sete forth 
the main an^unicnts which ^ere later devdoped in the Origin of 
Tliew embrace the three principal factors of hia theoty; the stniKKk for 
existence, variation^ and tuatural selection of those variations which con- 
fonn with eavironmeDtcil need- He alw developed the idea of sexuaJ 
selection and attached more weight to the infitiencc of external conditions 
and the Laberitance of acquired characters than bi the edition of the 
Origin of Species in This atatemonts amounting to 2i^J was 

set apart together with tlie sum of £400 te £500 with which to publish it 
in case of the authors Budden death; 

1850h Sent Sir Joseph Hooker^ the botaniatj his mauuseript. He had 
now abandoned entirely the factors of Buffun and Lamarck and placed the 
utmost reliance upon the efncioncy of natural selection as the prime factor 
in Evolution; 

1S5S^ Heceived from a young manp Alfred Russel Wallace (1822-1013), 
a brief essay embodying a thcoiy of Evolution of which, as in Darwin's 
case, natural selection was the priiPO factor And stranji^ly enough^ it 
was again Malthus' essay, read by Wailace twelve years lirforej which 
atinmlated the cons^ption. At lirstp Darwin w as inclined, out of chivalrous 
friendship for the young man, to suppress his ow ci ial)oriously elaborated 
work and to publh^h WaHace's to the world. Fortunately the good coun- 
of his friends Hooker and I.yell prevaile<i and as a result a joint paper 
setting forth the views of Ixith authors was read l>efore the Linnxan So¬ 
ciety of London^ July i, 1S5S^ Then Danvio sot to work to write the 
Ortwin of Species, w^bich was prepared in a few months and published in 

im- 

In the first edition of the book, he takes a somewhat decided 
vie tv of the efficacy of natuml selection^ believing it to have been, 

1 In ihk may Mol thus shows that '^popiiliition irurrsaKH in a KPomoLricft!, food 
hk an ttrithmedcaJ raUoJ' Ilcnce at Mlowa LhaE Eome vi^ty active ixgent Or ugeaia 
rpiLil hfs nl work to kwj? down the XUrriEu? JWUEatfon^ othorwifle no5[lu?r food nor 
terrefltrijii would dtifhec fox thoir iUptfCtt Lo a brief p^r^[^d of timet 
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hyweverp the prindpal but not the exclusive agent m EvolutioD, 
Selection^ be works upon chance'* vaj-iation^, but by this 
be does not mean fortuitous in the modern sense, but occurring 
according to laws of which have no knowledge. As a result of 
Ms e.^tensive observations upon domestic animals. Dam-in grad¬ 
ually receded from his extreme eonceming the efficacy of 
natural selection and began to lean more and more toward La¬ 
marck's teaching. In IS7G in a letter to Moritz Wagner he saj's: 

When I wrote the Origin * . .1 could find little good evidence 
of the direct action of the environment; now there is a large body 
of evidenccp and your case of the Satumia is one of the most re¬ 
markable of w^hich I have heard.** 

In the sixth edition of the Origin of Species in ISSO, Darvi'in gave 
the final expression of his belief in the following illuminating 
sentence: “This [modification of species] ha^i been effected chiefly 
through the natural selection of numerous, successive, slight^ 
favourable variations; aided in an important manner by the in¬ 
herited effects of the use and disuse of partg [Lamarckian factor]; 
and in an unimportant manner—that is, in relation to itdaptive 
Btructuresi, whether past or present—by the direct action of ex¬ 
ternal conditions fBuffonian factor], and by the variation^ which 
seem to iiw in our ignorance to arise spontaneously.” 

Owing to Danvid's invabdism and the gentleness of his char¬ 
acter, he left to others the championing of Ms cause, his chief expo¬ 
nent being Thomas Henry Huxley (182o-lS95), himself a man of 
remarkable learning, forcible logic, and one of the great masters 
of written and spoken English, in every way admirabb^ equipped 
to fight Darwin s battles for him. Huxley*8 contribution to Biology 
is, therefore, not alone his many admirable research productions 
in recent and fossil anatomy, but bis sendee ag an educator of the 
public in commanding the general aceeptjmce of Darwin'a teach-^ 
ings. 

Since Darwin’s day, Evolution has been more and more gen¬ 
erally accepted, until now in the minds of informed, thinking men 
there is no doubt that it is the only logicaJ way w^hereby the 
creation can be interpreted and understood. We aro not so sure, 
however, as to the modus operondi, btit we ma}'' rest enured that 
the proce^ has been in accordance with great natural kw^s, some 
of which are as yet unknowm, perhaps unknowable* 

“The world has been evolved, not created; it has arisen little 
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by little from a tumil begiDmnp, and has increased through the 
activity of the elemental forces embodied in itself, and so haa 
rather crown than suddenly come into being at an almighty word. 
What a sublime idea of the infinite might of the great Architect 1 
the Cause of all causes, the Father of all fathers, the Lns entium. 
For if we could compare the Infinite It would surely require a 
greater Infinite to cause the causes of effects than to produce the 
effects themselves. 

" Ml that happens in the world depends on the forces that pre¬ 
vail in it, and results according to law; but where these forces and 
their Bubstmtum, Matter, come from, we know not, and here we 
have room for faith.” (Erasmus Darw'in, as mterpreted by Weis- 

ynann .) 
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CHAPITER II 


CLASSIFICATION OF ORGANISMS 

Kinds of Classification^—Animals for plants) may be grouped 
together for convenience of study in one of two ways: they may be 
classified taxonomically (Gr. arrangement, and v6^o%f law) 

(zoolopcaUy or botaiiieally}^ according to actual blood rela¬ 
tionships, or from the standpoint of their life eonditionj^. The 
Latter classification may be called bionomic^ in accordance 
with the Laws of life. The adaptive response on the part of two 
unrelated organisms to similar environmental conditions may give 
ri$e to convergences, wherein organisms come to resemble each 
other so closely that they have sometimes been actually classed 
together. The distmetion between convergent and homogeneous 
(i.e. of the same race) organisms is often a matter of extreme 
difficulty. 

When the classification is based upon living organisms only^ 
errors are also apt to occur, for groups of animals w-hich to-day 
stand entirely isolated are shown to be related when their fossil 
ancestry is known. Zoological classification depends therefore in 
a measure upon Paleontology or the study of ancient Hfei while 
bionomic classification ia concerned with existing oiganisms. 

Zoological Classification 

As in a military organization armies arc divided into smaller 
and smaller sul>divisions—brigades, regimenLs, battalionSp and 
companies—so the organic world ia divided into corresponding 
groups which, while increasing in number, l^sen in indbidual Im¬ 
portance as one descends the scale. An understanding of these 
divisions is necessary to our work. 

Kingdoms and Subkingdoms.—The organic world is made up 
of two types of organisms, aniinals and plantSp the first character* 
ized in general by a more active, sentient lifei the othena pasaivei 
lacking in muscular and nervous systems, almost inert. Th^e two 
groups of organisms are known as kingdomSp and constitute ttie 
first subdivision of the world of life. The kingdoms are in turn 
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divided into aubkingdoms., though here there is some differeot^ of 
usage These uubklngdoms are eompamble la that each is made up 
of umcellular organisms on the oue hand, ftotosm t^r _ Tpi^ros, 
fir,-! and fwoi', ammal) or Protophyta (Gr, first, and 

AvtL, plant) as the case may be, and multicellular orgamstns 
Jn the other. To the btter tlic zoolo^ts have ^ven the n^e 
Metaaoa (Gr. fitrd, after, and fwor, ammaV), the term Metaphyta 

heinc jipplv^cl to tbe plants- * ^ 

Phyla!%ubkmgdomB in turn are divided into phyla or types. 

Both terms arc obieetionable, as each hi^ more than one usage 
but the term phylum (Gr. race, tribe) is the one m gener^ 

use in tins eense. The Protozoa constitute but one phylmn. while 
of the Metazoa there are at least eleven such groups of for™, as, 
for instance, the moUusca, arthropods, and vertebrates, each sep¬ 
arated from the others by very distinctive character^tics, m that 
their ground plan of structure differs widely m each case. Thus, 
the molluscs have a soft, unsegmented body with no trat« of 
locomotor skeleton, while the artliropods and vertebrate are toth 
eegmented and possess locomotive hard parts, but with the distme- 
tSi that in the arthropods the skeleton is external while m the 
vertebrates it is principally internal, the body Ixing stiffened 
longitudinally by an axis known as the vertebral column, 

Classes and Families.—Phyla are divided into clafises, such as 
the fishes, reptUea, birds, and mammals among vertebrat^; and 
these in turn into families, genera, species, and vanetics. Extrem¬ 
ists in classification use the prefixes swt- or super- to signify groups 
somewhat more or less Tcstrieted than the unqualified name would 
imply; thus, a class may include subclasses and these in turn supen 
fainili^, families, and aubfamilies before the genera are reached. 

Genera, Species, and Varieties—The chief object of our study 
being the origin of species, an adequate conception of a species is 
neccs-sary. While biologists have not yet succeeded in arrlring at 
a unanimity of opinion as to just wliat oon.stitutes a species, the 
general conception of a kind of animal or plant to which a definite 
lame has been given, sucb as a red fox, timber wolf, coyote, or 
jackal, just about expnsses the idea. A species therefore is a group 
of individual animals or plants resembling each other very' closely, 
not only in broad featiirca but in minute detail as weU. In general 
they are such as can breed together and produce fertile offspring, 
which in turn may reproduce. This was Huxley’s groat teat of a 
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spcdea, but does uot hold true. The two species of came!* 

Camelm dromedariua and C, bactrianm, breed together; and 
the Hamap Auck^ma gtama, will breed with the alpaca^ A. jhj^qs, 
and the offspring are fertile. This is also true of several species of 
deer and of certain of the Bovidae^ such as the aebn. Bos indicu&j 
and the gayali Bibos fronUdis; furthermore^ the r^uJt of such a 
cross was bred to an American buffalo^ amsricanusj and pro- 




forms oF FaJ!iMfi!faa, from the Tertimy dcpo^td of Sla- 
vooio. (After Nciiniii}T.) 


Flo. 1.—SuccessLYC 


duced a caJf, the result of a triple alliance, not only of dLstinet 
species, but, according to our present deffiutionp of three distinct 
genera (Bartlett). Sometimes forms which are quite difTcrentp 
as certain ^aiU (PoJiidifia), which might well be considered 
different species, neverthdesa grade into each other if a sufEcient 
series be found and placed in orderly sequence (Fig. 1), Before 
this series was completed, some six or eight of the then disconneeted 
forms were described as distinct species; but as soon as the con- 




20 


ORGANIC EVOLUTION 


nectioK fomia were found, showing progressive modification from 
the older to the newer strata, the whole were included as varieties 
of one species (Romanes). Varieties may be arranged in gmda* 
tional series, each differing from the next in very minute detail. 
Species do not so intergrade into each other. Were the annectant 
varieties blotted out by extinction so that only the extremes of 
the series survived, the latter would then become separate species. 
Hence one rather poetic definition of species likens them to “ Lalanda 
in a sea of death.” All of the dog-like forms which were mentioned 
by way of illustration, with the exception of the fox, show only 
specific differences, but any one would at once sec a great many 
important rescmblancea which seem to imply a very dose degree 
of relationship among them all. 

This conception of genera and species was firs* clearly stated by 
I.iTinii»iis, who gave to each animal and plant with which he waa 
familiar a doubk name in Latin form, although often derived from 
the Greek or other languages. These names imply relationship, for 
the first is that of the genus to which the form belongs, while the 
second indicates its species. Thus the scientific name of the timber 
wolf is Cants iupus, of the coyote Cam's jafrans, of the iackal Canis 
aurews; bat the red fox bears the name Vwipes nwJflans, showing 
it to be not only a separate species but a different genua aa w-ell. 
AH of these, however, are dog-like forma and hence belong to the 
widespread family Canide. thia family, together with the cats, 
beam, weasels, and various other animals, is carnivorous, with 
teeth of a peculiar sort, and to all such forms liniueua gave the 
pinsa nnrt>A FcTtc, of which the modem equivalent is Carnivora. 

To revert to the definition of species once more, Webster thus 
defines it: " A more or less permanent group of existing things Of 
beings, associated according to attributes, or properties deter- 
mined by scientific observ'ation.” In general the idea of perma' 
nence is implied, but only while conditions remain the same; 
chan^ng conditions, either through the migration of the animal 
to a new home or an actual change, climatic or otherwise, in the 
old one, will react upon the species and thus alter its characteristics. 
There may oUo be a gradual change in the organisms in non- 
essential things in the couise of time, even with practically un- 
f.hnnging conditions, especially where isolation of lines is estab¬ 
lished, as in the case of the various varieties and species of land 
(tnnila in the radiating valleys in the islands of Tahiti (Crampton). 
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A specie has also beea defined ^ a iStage in the evolntion of a 
mce/^ The apeeiea has aliieady been spoken of as an island and 
the genus may be called an archipel^ in a sea of death (Jordan 
and Kellogg). 

C/assij?cafwm qf AniTnah 
(Medihed from Parker and Haan'eU) 

AlflMAL :ONGDOM 

Subkingdetn protozoa (Gr. first, and animal)^ UnieellU' 

larp Ar>litflr3' or colonial orgaiusnis of minute size, without ^parate tissues 
oompo^ of cells. 

Phylum I, Protozoa. With the characteristics of tlie subkingdpm- 

Class I, SATiconi>'A (Gr. cr«pf, flesh). Without external celbwall. 
Locomotor origans pseudopodia. Frequently with a raJeat^us shell or a 
siliceous skeleton. 

Lubosa (Gr. lobe). With blunt or lobe-lifce p^udopodia. Naked 

or shelled {Afreilla, etej. Marine and fresb-watw; sometimes 

parasitic. 

Forammifera (Lafi /d?mrRifi4, holes^ and ferre, to bear]. Calcareous 
shell, generally with numerous fine apertures. Pseudopodia (me, btauch- 
ing or filing. Marine and frrah-water. 

Hadiolaria (I^t. rfl^iare, to radiate)* SiMceous shellp delicate^ laco-like* 
Fine ray-like pseudopodia with central axis. Marine. 

Class It. Mastigopboha (Gr. ^KsaT^^, whip, and 4^**^ to bear). Body 
With limiting itiembrane- Locomotion by means of one or more whip-liko 
flagella. Solitary or colonial. Some flagellate forma show certain plant- 
like characteristics, notably m the pn^ence of chlorophyh or leaf-green* 
Thus they are variously claimed by ^th zoologists and botarikca. Certain 
members of this group lie upon the frontier between the plant and animal 
kingdoms. 

Class HI. Spohozcja (Gr. (nropo^, and £^ 1 ^, animal]. Parasitic 
Protozoa with complicatid life histories. The young are generally re^ 
produced in the form of spores. LMomotor origans usually absent. Many 
human scourges, auch as malaria, are caused by 8poroioa. 

Class IV, IjfFuaoniA (Lat- infuion^m, because some species arc abun¬ 
dant in certain uifusions). With limiting membrane. Lo^motor organs, 
when present, numerous hflir-hke cilia (Ciliata), as in Paramecium. 

Subkingdom uetazqa (Gr. after, and £wer, antmaOp ^rlnlticellular 
animals with dehnitc tissues composed of cells, among w'hich there is 
division qf labor. Reproduetion by means of ova and epertnatozos (sexual) 
the rule, although ase.vual reproduction does occur* 

Phylum I. Poiifera (lat. pon/ff, pore, and JerrCf Us beat). Sponges, 
Plant-like organisms, motioiilKK, without tentacles. With a more or les 
complicated iutemal canal and with inhalcnt and exhalent pones. 

Simple or colonial. In the more compheated sponge stocks the itidividuab 
rAn no longer be distinguislied. Skeleton, when presentn corusisting of 
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cAlc 4 iTeoti 3 or stUceo^ epictiles or of ehitinoua (horny) fibors (sjwD^d), 
^mctimes reiiiforoed by ^liceouj spicules. Commercial sponges poasefis 
A chitinous skeleton witliout the supporting spicules. ^ ^ 

Phylum il CCElenterata {Gr. KoUovt, and ompcv, intestine). 

Hydroids, jellyfishesp coral polyps, etc. Hadially symmetrit^l amma s, 
generally tenladcs and stinging cells, SVitb one mlern&l cavity 

functioning both for circulation and the digestion of food. 

Class I HynKOzOA (Gr. water, and animal). Polyps with a 
simple internal cavity, either simple {Hudra} or fom^K more or 
compl<5K coloniea (liydioids) in which there is diviskm of labor among the_ 
varioiis individuals (s^ooidi). The repr<>duetive ssoolds take the form of 
medusaid buds which may become dctachf?d from the colony aa free* 
dimming medusffi (Gr. M^u™, ^ledusa) (jellyfish). 

Class JU Slvphozoa (Gr, cup, and ammal), Ccelenterates 

in which the medusae are large and domLnant. Tlierc is do hydroid colony, 
but the medusffi are generally derived from minute polyps known as 

Asthozoa (Gr. flower, and MHniai). Corals. 

Polyps with complicated internal cavity and with no fiw^s^vmiming 
meduEjE. They may be either fleshy (sea-anemones) or secrete a homy or 
calcareons skeleton (corals). Solitary or colonial, the Latter Eometimes 
heciomitig massive coral atccks, aggregates of which form extensive reefs 

or islands. * . h , , , j.' . i x 

Class IV. Ctesophoiw (Gr. kt«s comb, and to bear). 

Comb-jellies. Pelagic ccclcntemtes w hich progress by means of rows of 
comb-like swimming plates formed of fused cilin. ilure or leas ovoid to 
band-like in shape, and gener^^Hy provided with two tentacles which bear 
adhesive, instead of stinging, cells. Never colonial, and excluaivcily marine. 

Phylum III. Platyhelmiflthes (Gr. irAariis, flat, and worm). 

FJatworms. Bilaterally ^ninctrioal animals, flattened dorsfi-ventrally, 
the body ca^dly filled with a tissue called pareticli>Tna. Digestive and 
other s> stems generally much bmiiched. The freo^wimmmg Turbelinna 
(Lat. turba, whirling) hat e cilLatetl contractile bodies, while the parasitic 
forms are not ciliated as adults. Those of the latter w hich are of simple 
form am known as Trematodes (Gr. having holes), while the 

elongated, segmented tapewormsi without digestive s^'^temi, are called 
Cest^a (Gr. JxcrrrK, girdle). 

Phylum IV. Nematheltninthes (Gr. thread, and worm). 

Threadworms. Cylindrical, worm-slrnpcd animals with a body cavdty. 
Many are pamdtie and may lose the intestinal canal. 

Phylum V. Trochelminthes (Gr. wheel, aad tXfUn, worm). 

Eotifers. Variously Eha|>cd organisms of minute size, sometimes sedentary, 
again sirinitnieg by taeana of ciliated bands which may referable revolvmg 
w heels, hence ratifera (Lat. Toi^, wheel, and ferre, to l>ear). 

Phylum VL Moduscoidefl (tjit. mollusc, and Gr. 

form). J^mp-shells and Bea-mosses. .Attached, bilateralty symmetrical, 
utiscgmentcd BIumals^ with a crown of ciliated tentacles ur spirally rolled 
arms. 
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Class L B&yozoa (Gr. mosa, and ftnimal) or Pulysm (Gr. 

MXwf, iflfltiy), Sea-niossea. Minute animals usually encased in chitinoua 
tnbe^ nr Generally euloniaJ and often resembling super! leially a 

hydmid or an 

Class 11, Ba^cinopQOA (Gr. a™, and wsws, foot)^ Lainp- 

sbeibs. Marine forms ^vith a bivTilve ^ell, tlins tesemblmg the true mol¬ 
luscs (clams and mussels]. In tfie brachio|XKls, lioweverp the shell valves 
arc dorsal and ventratp ^nhereas in the ninlJnscs they are lateral. The 
mouth lies betw een two ciliated Spiral arms which rest closely colled witliin 
the shell. Numerous in geolojo-c limcp comparatively few livin(^, 

Pliylutn VII, Echifiodermata (Gr, sea-urchin^ and S^^a, 4dn), 

Bpin 3 ^-bkinned animalid. Marine, radiall^^ symmetrical forms whukse parts 
are iii multiples of five. With a calcareous ^eleton varying in its dev-clop- 
ment from minute scattered plates to a eon^plete shell. Locomotion by 
means of a watcr-vascular or ambulacral (TjlL nmbvlGmim, walk) system 
which is peculiar to the group, Xever parasitic nor colonial. 

Class I. A 2 ?Ti:noiDUA (Gr, aoTTjp, atar^ and form), Starfishes. 
With a pentagonal or star-like body formed of a central disc and five (or 
more] radiating arms. 

Class II, Ecuinoidea (Gr, sea-urcMn^ and form). Sea* 

urchins and saxid-dohars, Spheroidah ovah or dise-ahaped forms w'ith a 
solid test or corona beset w'itb numerous spines. 

Class 111, lIOLOTMUitoini:^ (Gr, zoophyte^ and foim). 

Sea-cucumbers, Oval or worm-likep wdth leathery body-wall containing 
minute plates or spicules* A crowm of retractile tentacles around tlic 
mouth. 

Class IV, CBrjioroE.^ (Gr, xpiv^v^ lily, and rfSos, form), Sea-iihe& or 
feather-atars, Stalked eehinodeniiSp with many-braiiched arms. Some 
(Comatula) become secondarily free. Formerly numerous^ now relatively 
mre. 

There are two w'hoUy extinct classeSp the Cystoidea and BlashoioeAp 
somewhat sdnfilar to crinoids. 

Phylum VIIL Annelida (Lat, ring)* Segmented w-orms. Prim-- 

itivcp worm-llko fo^Tls^ with ring-like or somew^hat nattened segments^ 
and w ithout jointed limbs. Marine w^orras^ earthw orms, an<l JceeliCif- 
Phylum IX. MoUusca (Lat. soft,) Molluscs, Bilaterally eym- 

metrieaip unaegmented aminaUr without locomotor skeleton, but with a 
more or less developed fold of the body-wAII knowm aa the mantlc> and a 
vHiionsly formed shell compr»?ed chiefly' of calcium carbonate. 

Class 1. Peuecyfoua (Gr. hatclietp and Trevt, foot]. Bivalves; 

clams, oysters, musse]:^, etc* Shell consisting of two latend vuhrea con¬ 
nected by an elastic binge ligament, FLsed or free, fresh-W'ater or marine* 
Class ir, GAsTiiOPODA {Gr, ycMrrifp, atomachr an<[ foot), Uni- 
v'alvcs; snails, etc. With a variously developed and ornamented, generally 
spirally twisted shell, and an expanded creeping foot* Free^livingp salt^ 
and fiesh-watcr+ some terrestrial. 

Claris III* Cephalopoda (Gr. head, and taw, font). Squid, 

octopuri^ nautilus, etc. With distinct head which haa a circle of artii-Like 
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processes. someHmes beanuf^ tentacles, sometimes hooks or Bucteis, and 
the equivalecit of the foot of other molluscs. Shell variable; tuay be absent 
(octopus), or may be a larEie, spirally coiled, ehambered atnieture tnanti- 
lus) which in some extinct forms was highly complex. Marine. Some of 
unmense aize. 

Phylum X. Arthropod* (Gr, oft^pov, joint, and foot). Arttuopoda. 
BiWrally symmetrical, segmented auimaK jointed appendages. 

Body encased in au exoskelcton of chilin ofteo more or less hardened by 
calcareous salts. 

Class 1. CaTjarTACta (1^*1. crusta, tbell)- Crabs, lobsters, *J^d hamaclej. 
Aquatic arthropods, viith two paita of Atitenuah and aiiinerous appendages. 
Breathing generally by means of '' secoiidarily adapted to 

terrestrial life. The majority' free-living, some fixed or even para^tie. 

II. Mvhiapoda (Gr. coimtlesa^ and |oot>+ Centi¬ 

pedes and millipedea* Numerous simitar body t^gusent^, each bearing one 
or two pairs of legja, Air-breathei^, some armed with ijoison fang;^* 

Class III. Hexafoda (Gr. six, and foot). Inaceta (lit. m- 
Stdm cut up)* Insects. Body divided into three distinct regions: head, 
thorax, and abdomen, of which the second Ijeam three pairs of legs and 
usually two pairs of w uigfl- The higher insect-? underi^ a complex meta¬ 
morphosis, This class includes the most liighly di’V'eraified and by far the 
most numerous of aU ammals, except the ProtoBoa, living under almost 
every coQQei^l>le condition of life. 

Class IV. ARACiofiDA (Gr. spider). Spiders and scorpions, 

Exoskcleton chitinous, four [iatrs of Ic^. Air-bteathere, exce|)t the horso* 
shoe crab (Limidja)^ often with shk-spuming and poison glands. Free- 
living or rarely parasiticj never sedentary. 

Phylum XF Chordata (I^t. cAerdaTtwsj liaving a coid)+ Chordate ani¬ 
mals. Bilaterally Eynimetricalj iscenerally segitientod animals with a j>cr- 
fomted pharynx (gill-8lito)t a hollow', dorsally situated nen'c^rd, and an 
axial, s^emng notochord which is genersQy replaced by the vertebral 
column. 

Subphyluin T. Hemichorua (Gr. ^iw±-, halfr and cord), Bclan^ 

glo 9 ^, etc. Small w^orm-hke auinials with rudimentary notochord. 
Marine. Semi-sedentary. 

Sub phylum IL Tu.vicat.^ (I-at. iunfeafa#,, clothed with a tunic). Tu- 
nicates or sea-squirts. Generally sedentary marine animals which are free- 
swimming at least during lan'al life^ when they pofisess a notochord in the 
tail. The adult is enclosed in a mantle or "tunic" which may contain 
cellulose, a substance rarely found in the sjumal kingdom. Generally 
with retrogrefedve metamorphosis. 

Subphyluin lU* Vebtebrata (Lat. jointed). 

Section A. CEFOAijOCMOEnA (Gr, head+ and cord)- 

Skull-less, notochord running to end of tinout. Blood colorless* Including 
only the Lttle lancelets^ etc,, found burrowing in sand near the 

ahore. Nearest the ancestral vertebrate of any liv'ing form. 

Section B- cttA.siATA (Gr. skull). Skull-bearing vertebratesp 

with red blood. 
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Class I. (Or. circkj and OT^fn^j tnoutli). Lam- 

and hag-fiahcs. With sticUjrial mouth amied with chitinou^ teeth^ 
fioci no Jaws. Elongate^ e^l-shapod formSi without paired fins. 

Class IL Pisces (Lat, pi^iSj fish)* Fishes. Aquatic, generally scaly of 
armored, with paired and impaired fins. Breatluug by means of gfilSp 
sometimes wiih accessor^' lung-hte oc^ns. CoJd-blooded, usually ovipa¬ 
rous (cj^-lftytng) forms. 

Eiasmobranchii (Cr. cAfl£rp^^, plate, and j3pnyx«, gille). Sharks and 

ra^'S. 

Di|>noi (Gr. doubly, and irvtiv, to breathe) ^ Lung-fishes. 

Ganoidci (Cr. briglitucss, and appearance). Ganoid or 

armored fishes. 

Teleostei (Gf. Ttktos^ complete, and bone). Modem bony fishes. 

Class III. Amphibia (Gr* living a double life), Frogi^ and 

salamanders. Cold-bk^odcd, naked and slimy or afmoted^ with ];iaired 
fins tran.sformed into terrestrial handdike hinbs; tinpair^ fins, when 
present, nov^^r supiwrted by fin rays. Ov ij^arous. Breathing generally by 
nieans of gills duriiig larv^al life and by lungs as adults. With motaraor- 
phnsia. 

Urodela (Gr, oupA, tail^ and distmet). Salamandera and newts 

Anura (Gr+ withouth and tail), I’fogja and toads. 

Cyninophiona (Gr^ yvpvo^^ naked, and serpent). Gscilians, leg¬ 
less, burrowing foJTUB. 

Stegoeephalia (C^r, roof, and head). Extinct, armored 

ampliibLa. 

Class IV^ ^epfiVta (Lat. reper^, to crawl), RoptHes. C'Old-blooded, scaJy 
or armored^ terrestrial or aquatic animala, breathing excluaivcly by means 
of lungs. Oviparous, thou^i ^nse snakes and the extinct ichthyosaors 
brought forth the young tdive (\ivi_parous}. The living orders are few; 

Squamata (Lat. sv^alc). Lbards and snakes. 

Chelonia (Gr. turtle)* Turtleti and tortoLsetf. 

CfDcodilia (Cr. crocodile). CitJcodLtes and alligators. 

Hhynchocepimlia (Or. P^TK°^t snout, and head), .^n ancient 

order of w'hich the solitary, lizard-like Sphenodan of New Zealand ia the 
sole survivor* Oi many ejftinct orders there are: 

Theroniorpha (Or. bifptov^ b^t, and form). Alammabliko 

reptiles. 

Ichthyosaiina (Cr. lizard) and Flesiosauim 

(Gr. irAijffiw, near, and iravpa, lizard). Marine reptiles. 

Dinosauiia (Gr. terrible, and cravpa, lizard). Includes small to 

gigantic tcnestrial forms, related to the crocodilea and birds, 

Ptcroaauria (Gr* mpiv, wing, and craipaj lizard), .\erial reptiles with 
membrane expausiona by which they could fly. 

Class V* Atws (Lat. bird)* Birds. ’^Varm-ljloodEKlr feathered am- 
ma!», with the fore limbs transformed into wing^ Oviparous. A numerous 
but very uniform class. 

Cla«> VL i\fammalia (Lat. iwammo, breast). Mammals. Wan^ 
hjcK>ded, hairy forms, generally quadrupedal and terrestrial, some aquaUo 
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(whalea, other (bats). The jwng are mth few exceptionfl 

^ivipaiomiiy bom (alive) and are noUTiehed after birth by tli^s secretions 
of modified skin (matiimarF') glands. Chest and abdomiiml ea^dties sep¬ 
arated by a muscular diaphragm. 

Subetai^s Prototheria (Gr. first, and b^tsist). 

Order Monotremata (Gr. ainglcp and jjerfomtion). Egg- 

lay ing (ovipaione) mammals. Omith&rhyfichm and Et^idna. 

Subclass Euthoria (Gr. tS, well, and l>east). Viviparaus niam- 

mals. Some of the orders are: 

Marsiipiaiia (l-at* marsiijnwMJt poueb). Pouch-bearing mammalfl. 
Opossum, kangaroo^ 

Edentata (Lflt toothless). Anteaterfi, sloths, and annadillog, 

Insectivora (Lat. inEectumf insect, and rorsne, to devour). Shrews, moles^ 
hedgehog^. 

Cbifoptera (Gr. x^*Pj Iiaud, and wing). Bats. 

Rodciitia (Lat. to gnaw). Rats, hares. 

Carnivora (Lat. ooro, flesh, and pprore, to devotir). Dogs, cats, bears^ 
seali^ 

Cotaeea (Gr. whale). Whales and dolphins. 

Ungulata (Lat. ungtda, hoof)* Hoofed aminals, with several suborders. 
Elephants, horses, rhinoceroses, cattle, deer. 

^irenia (from Siren, the manatee). Sca-euws, 

Primates (Lat. primus, hrst). Monkey'S, apes, nmnH 

BlONomc CljlssifI CATION 

This dassificatioD of organisma is based upon the mode of life 
and the consequent adaptive modificatian of structure, forra,i and 
color which in some cases so obscures the fundamental eharacteria- 
tica of the group to w'hich the aniuial belongs as to make true 
classification in the zoological scale a matter of great difficulty. 
For in extreme caaes true relatiotLships are betrayed only by study¬ 
ing the life hi^itoiy of the organism and cannot be learned from 
itH adult condition^ as in the parasitic barnacle Soccniffla fsee page 
234)* A bionomic classification, thereforej does not ncce^arily agree 
with one based on such revealed relationships^ but is, hlstorJcallyj 
a more piimitive clasaification. 

Animals and plants may be corL&idered first in their interrela^ 
tionships with other organisms and secondly in their relations to 
the physical environment. 

Inienrd^lionEhips with Other Organmm 

Free-living forms are such as are not sedcntaiy nor in peimar 
nent association with other organisms in any of the several ways 
to be described below*. They do, of course^ depeud upon other 
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animals or uiK>n plants for their aLLstenance; in the former case 
they arc railed camivoroua or predatorj^ in the latter herbivorous^ 
The predatory animal usually destroys the prey^^ while the herbi¬ 
vore dotsi not necessarily injure the food plant disastrously. Freif- 
lining forms of the same species may band together for mutual 
aid or defense;, when they are called gregarious or conmiiuiial (see 
Chapter XVIJ. 

Parasitic (Gr- ircpcE, beside, and ffTroi^ food).—Parasitism will 
be discussed more at length in a later chapter {Chapter XVU), 
especially with regard to its degieoernting LnBiicnce upon the par¬ 
asite, It is an association between one animal or plant and another 
and while the parasite is benefited in that it obtains food and pro¬ 
tection with the least possible effort, the effect Upon the host ia 
generally a detrimental one^ and sometimes disastrous. Rut the 
parasite usually instinctively avoids fatal injur^'^ to its hostji as that 
would be decidedly to its ow^n disadvantage unless its days of 
parasitism be fulhlled. Herein it differs from the predaceous 
animal, whose association with the prey is transitory, but almost 
invariably destructive of its life, 

Comdiensal (Lat. c&m-j together, and men^aj table) association 
in contrast witli parasitic ia mutually beneficial. It does not, how¬ 
ever, imply an or¬ 
ganic union such 
as prevails among 
symbiotic forms# 
but merely a more 
or less pennanent 
association for 
mutual good. The 
word commensal 
means ojie v?ho 
at thA ^rrie 

tabkf but in ordi- 

L 2.—Comnacaeal hermit Eripagarug cfJFMJ'apw, 

naiy usage nas hydicitl, (Afiur DtjAcin ) 

become obsolete# 

nevertheless that is wliat the word implies biologically, t.e. on 
animal Tvhich lives with or on another (species)# partaking of the 
^mc food. 

A familiar example is the assoebtion of a hermit crab and a 
hydmid which forins a dense furiy growth over the crab’s shell. 
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The crab is a wasteful feeder and the hydroid gathers in the tiny 
particles of rejected food. It also gets transportatioD without effort 
and in return offers the crab a certain immunity from attack, as it 
ia armed with stinging cells and the general appearance of the furry 
growth renders the crab less conspicuous (see Fig. 2). Another 
example is the rhinoceros bird which picks ticks from the rhino''s 
back and gives warning of approaching danger to its dull-witted 
friend- The pilot-fish which accompanies the shark is still another 
and the peculiar as^ciation of gnus^ ostriches, and sebras in Africa 
is a further inst^ce. In the last example it is merely the extension 
of the mutual aid afforded to the other members of a herd the 
sentinels so as to embrace more than one species. The ostrich is 
w capital a watch-tower that the others have taken advantage of 
it. Man's association with his domestic animals is a further iL 
lustration of the same thing. 

Symbiotic (Gr. together^ and life)^ This is the 




most intimate association of all, again for mutual benefit, and by 

some writers it 
seems to be con¬ 
sidered as merely 
a more intiinate 
form of commen¬ 
salism. Symbiosis 
means Imng to- 
gether and in 
restricted sense 
implies an ori^mc 
union or internal 
partnership be¬ 
tween organismsj 
so intimate that 

Fio, 3 -—ilniin hydi^ Hydmvindi9f€£m{mnm^$y only be 

biotic LULLcellul&r pSants (zowblprdUe). A, entire am- severed by death. 
maJ, BTOliy enlargetL B, section o( body-walh ed. As thus rem^ricted 
endoderm; supporting lamelltt; - p 

£Oi!icMoreU;^- (After Weismaon.) 


it can not exist 


between two ani- 

mals but only between an animal and a green, chlorophyl-bearing 
plant or between a green and a colorless plant, such as show con¬ 
trasted methods of feeding. The green plant can utilize morganic 
compounds such as carbon dioxide (COi) and water, and with the 
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aid of sunlight build up starchy tib^ratbg some of the oxygen. 
The auinaal utilizes the oxygen and orgajiic compounEhi produced 
by the plant and iu tum gives off the carbon dioxide and certain 
nitrogenous wastes which the plant utilizes. Thus they are recipro¬ 
cal. Instances of the first sort are found among the lower animals 
such m the green hydra {Hydra viridu) of which the color is not 
due to animal pigment but to the presence of numerous minute 
green plants embedded in its cells (see Fig. 3 ), Another instance 
ia that of the flagellate protozpon viridi^ m which pre¬ 

cisely the same conditions existp and many Etadiqlarm contain 
eymbiotie aigse known as ^'yellow cells" or zooxantheUse. This 
last relationship is thus described by Thomson i 

^*Thcy Ithe 'yellow cells') are unicellular plants embedded in 
the transparent living matter of the RadiolarianSj and a veiy 
profitable partnership has been established. Being possessed of 
chlorophyl, the Algie eao utilize the carbonic acid formed by the 
Hadiolarian, and are able to build up carbon compounds^ such as 
starch. They give off oxygen^ which is of course profitable for the 
anlmalj and they doubtless utilize nitrogenous w^aste products 
made by tbe animal. If tbings are not going weU, it ia always 
open to tbe RadlolariaD to digest its partnera! The huge numbers 
of Eadiolariaos—alike of indi\'iduaJs and of species^—seem to 
indicate tliat the symbiosis is very profitable." 

Symbiotic association of green and colorless plants is found in 
the lichens, w^hLch have been proved to be compound plant. 5 , eaeb 
consisting of 'Hhe branching and interlacing threads of a [color¬ 
less] Fungus enclosing partner (greenJ Alga cells. The Fungus fix^ 
the plant, absorbs air, water and salts, protects the Alga from 
drought and injury'^ and forms spores which are wafted awa}" by 
wind and water, and may start new lichens if they find their 
proper partners. The Alga uses the sunlight to build up carbon 
oompounds, and it joins wdth the Fungus in forming sexual repro¬ 
ductive bodies. By taking proper precautions the Alga can be got 
to live in water without the Fungus, and the latter can live on 
sugary- media or the like without the Alga." {Thomson.) 

Another remarkable mstance of ^™biotic association of a some¬ 
what different ^rt is that of the various beneficial bacteria that 
live within the bodies of higher animals^ especially in the alimen¬ 
tary canal, and which seem to serve a very important function in 
aiding in the dij^tion and absorption of food. There is some ques- 
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tion whether the anUnal could live its DGriual life without the aid 
of these intential orgacdaius. Should thdr effect be dekterioua in- 
Btead of beneficial, they would be classed as parasites instead of 
symbiotic partners 

Interrdali^nskips with the Phy^kul EndrmTn^ 

In discussion of the physical environment, the first oonsideration 
is the medium in which the orRanlsm Hves, whether air or water, 
for this determines its method of breathing. The Other features 
are iis relation to tlie bottom or substratum, and whether or not 
the creature is a iocomotor type* for as we shall see, both of these 
considerations influence verj^ profoundly the fundamental form 
and often the color of the organism. The forms Avhich do not de¬ 
pend upon the substratum but are suspended in the medium 
wherein they live may be either plankton 
or nekton* ajccording to their locomotor 
ability. Those which rest or move upon 
the bottom are called benthos. 

Plankton (Gr. irXay^ifdSi wandering) are 
the animals or plants which float in the 
water largely at the mercy of wwe or cur¬ 
rent, as they possess little or no locomotive 
powers other than the ability to rise or 
sink. They range in size from microscopic 
diiiiensioiLs to jellyfoh half a yard in db 
ameter^ and have la general the following 
chunicteristic: Body more or less tranB- 
parent, usually colorless or pale violet oi 
rose-tinted, though some jellv^^h are 
gaudily colored. The hue is as a nik* 
however, one which harmonizes well with 
the water. There is an almost total ab¬ 
sence of opaque skeletal stnictur^Sj only 
a few possessing delicate calcareoug or 
glassy shells. In general form planktonic 
organisms are as a rule radially s>Tnmctricai, for loeomotion in 
one dim;tion is what usually determines bilateral symmetry 
($ee Fig, 4), 

The horizontal distribution of the marine plankton ia largely 
caused by ocean currents wbieb tend to keep the swarms of in- 



Fia. 4.—Planktoruc 
fish, cxtniw- (After 

DofiCLN,) 
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dividuals together and move them m mmae. Such powers of loco¬ 
motion BiS they possess enable these organisms to sink to grtuter 
depths for darkness or tranquillity dming stress of weather, com¬ 
ing to the surface at night or in time of calm. During the day 
many of them sink to a depth of from 50 to 150 fathoms^ rising to 
the surface only on quiet nights. 

While marine or hato-plankton (Gr. fiXs, sea) is the most 
abundant and varied, freiih-water or limno-plankton (Gr. 
lake) also exists in nearly all lakes and rivers. Permanent aerial 
plankton probably does not exist, though micjoorgamsras such 
as liaeteria or '^genns^^ seem to float about in the air almost in¬ 
definitely. 

Examples of planktonic organisnis are the mnumorable forami- 
niferal and radiolartan Proto^soa, diatoms among plantsj and the 
swarms of medusse or jellyfish seen in quiet seas. Many inol- 
lusca (pteropodsp heteropods) are mcludcd] some of which form the 
staple of diet of the great whalebone whales, and because of their 
small size are devoured in countless numbers; while the minute 
^5hells of Foraniinifer!i^ Radiolaria, Pteropoda, and diatoms form 
the bulk of the oozes which cover thousands of square miles of the 
ocean floor. 

Wekton {Gr. sw^imming) consists of animals with suf¬ 

ficient locomotive powers to stem the aquarie and aerial currents 
and go whithersoever they wilL Their chief characteristics are 
well-developed motive organs, spindle form to reduce resistance, 
bilateral s> 7 nmetry, body non-transparentj but with distinct 
coloration which may follow' fixed law^s (see faunal colorings sea 
and air, page 201). The skeleton is opaque and the iiius^les and 
generally the organs of special sense are highly developed. 

Of marine invertebrates, certain of the cephalopods^ notably the 
squid^ are good examples, w'hlle among vertebrates the great 
majority of fishes, sea-turtles, whales, and seals among living 
types and the great marine reptiles, the ichthyosanra, plesiosaurs^ 
and mosasaurs among extinct animals, represent the aquatic 
nekton. 

Aerial nekton is abundant in the flying fonus, such as insects, 
birds, pterosaurs, and bats, some of which, notably certain insects 
and birds, have wonderful powers of sustjiined flight. Aerial 
nekton, however, differs from the aquatic in that sooner or later 
it must come to rest upon the bottom and become benthonic. 
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Benthos (Gr. ^MoSf depths of the $ea).—Benthonic forms 
are the bottom-dweQers, ^vhcther fixed to the substratum or with 
powers of locomotion over it- The former are called sedentary^ the 
latter vagrant benthos. Sedentary benthonie fomiSt as a rule, 
exhibit radial sjTTimetr>% well shown in corals and crinoida on the 
part of animals and in the great majority of higher plants. Marked 
exceptions, as in the brachiopods and bamacleSp do occur. Of 


course this radial sym¬ 
metry is only attained 
in its perfection where 
the en’^hronmental con¬ 
ditions arc alike on alt 
sides. Among ^den- 
taiy' animais so great 
a dependence is placed 
upon food swept within 
reach by means of 
stream^ tidah or wave 
action, that the food- 
getting organs are apt 
to degenerate or never 
develop^ and often a 
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(AwtpAiexiw) and larval lamprey (cyclostome) among vertebmtea. 
Loss or non’-devciopment of muaculatiire, locomotor organSp 
bilateral syrametTy, and organs of special sense arc characteristic 
of sedentary benthos, and with rare exceptions colonial organ- 
iHins ate restricted to this group (see Fig. 5). 

Examples of ^eniary benthos would be the sponges; hydroids, 
with the exception of the rcmajkatale Siphonophora, a free-swim¬ 
ming fplanktonic) colony wherein division of labor among the 
various zodids haa been carried to an extreme; Antho^oa, sea- 
anemones (see Fig. 6), and corals; Molluscoidea as a whole; bar¬ 
nacles among the Crustacea; certain bivalve molluscs, such as the 
oysters; and most of the tunfcates. With plants, almost all belong 
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to this category^ the only exceptions being the motUe baetcria and 
other Protophyta which have been included under plankton. 
Nek tonic plants are unknown. While aerial Ecdentary^ benthos 
Includes the great bulk of the higher plant^^ air-breathing sedentary 
auimals are rare- A number, which like the barnacles may be left 
bare by the retreating tide, thus become temporarily aerial but do 
not respire air, although providon has to be made to witlistaod the 
exposure. The only true aerial seden¬ 
tary' benthos seems to be the scale in¬ 
sects (Coceidas, see Fig. 19) which 
attach themselves permanently to some 
plant, twig, leaf^ or fruit, and remain 
constantly in one place thereafter as 
long as the plant juIcnh yield sufficient 
nourish meat. Drying up of the leaf 
upon which they live lias been known to 
cause a very' short migration, and while 
ext remely degenerate and scalo-like, as 
the name implies, they never wholly 
lose their organs of locomotion. 

The group known as teniAos 

is an extremely extensive one, includ¬ 
ing a large number of niarinep but fewer fresh-water types, and 
almost ail air-breathing animals. Bilateral ^Tumetry is the rule, 
though some, notably the ecliinodcrms, are radially sytmnetrieal. 
This radial symmetry' of the echinoderma masks a more primi¬ 
tive bilateral symnietryp whereas in such forma as the irregular 
sea-urchins a secondary bilateral syninietry' is very marked^ 
Coupled mth bilateral symmetry^ goes the development of loco¬ 
motor and the higher sense organs, and because of the intensity 
of the struggle for existence the adaptations of form, color, 
and food-getting devices are extremely varied. True locomotor 
colonies, such as the bryoEoan Cri^ieUo, occur but are very rare, 
though other animal associations, gregarious or eommunal, are 
frcxjueiit+ The transition from the vagrant benthos to nekton Ls 
easy and the instances numerouSp and in some cases it is dif¬ 
ficult to know under which categor\" the animal should be placed, 
as in certain marine worms and the sea-otter. 

The term mero-plankton (Gr* fiipoi, part) wa$ Introduced by 
Haeckel to include the free-swimming young of benthonic organ- 
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isms which lead, during their Inn-al state, a planktonic existedce. 
These forms are as a rule extremely small and have feeble powers 
of locomotion, generally by means of cilia. Nevertheless they aro 
so numerous that the upper strata of the oceans are Uterally 
crowded with them and they form a great source of food supply for 
the more aggressive forms of life. They pass their short existence 
floating about in the sea, in swarms. Sooner or later, however, 
they sink to the bottom, and if they fell upon the proper sort of 
substratum, they develop into the benthonie adult; but if tb^' fall 
upon an imf avorabic bottom, or if food supply is scarce, they perish. 

The nece^ity of some means of dispereal or for the repopulation 
of an area wherein accident has destroyed the original inhabitants 
is imperative, and in sedentary sidulta can only be attained by this 
means, Mero-planktonic larvse are found in every group of aquatic 
sedentary benthonie animals. The young of the sedentary scale 
inseetd, on the other hand, which arc active for a brief time, are 
vagrant benthos. Germs, spores, and many seeds like those of 
the maple and dandelion constitute about all that can possibly 
be included in aerial mero-plankton. 

Paeuda-plankton (Gr. ^tuSos, false) is a term proposed for 
organhnns such as the sargassum or gulf sea^weed which is normally 
or in early life an attached benthonie organism but which becomes 
planktonic. The meaning of the tenn has been extended to include 
plants or animals linng an sedentary or vagrant bentlros upon 
floating objects, such aa the alga;, hydroids, or biyozoans, which 
may be attached to the floating sargassum, and the cr rstaceans, 
molluscs, or other animals which dwell among them. In many in¬ 
stances the pseudo-planktonic existence of these forms is due to 
accident, but on the other hand H seems to be habitual with cer¬ 
tain forms, which, like the gqose-bamacle, Lepas, rarely occur 
except attached to floating objccta such as timber or the bottoms 
of ships, especially when the latter are derebet. Many of the 
animals found on Boating sargassirm seem to bo characteristic of it 
in this condition, as they do not occur when it ia attached. 

REFERENCES 

Gnitwa, A, W,, "The Relation of Marine Bionomy to Stratigraphy,” Ralfefin 
of Ike Bnfida Sodtii/af NaltiToi Satnas, Vol. VI, 1SQ3. pp. SliJ-aST. 
Pariicr, T. J,, uiiJ Hfwwell. tV. A., ,4 TfM-iook ZoOtoff}/, 4th ed., 1928. 
Tbeansen, J. A., The H’oraier o/ L^e, 1014. 


CILWER TII 

GEOGRAPHIC DISTRIBUTION 

gjfirtg of Distributioii.—The distribution of life on earth has 
three aspects, two of which are dLstributions in space and one in 
time. Of course cverj’ or^nism can be considered from ali tbrce 
points of \ncw, but a clew* comprehension of eacb can only be ob¬ 
tained by treating them separately and in order. 

These three distributions are known as follows: 

In apace: 

Geoffraphic, Horizontal or siirfieial distribution, 

Bathifmitric. Vertieai or altitudinal distribution. 

In time: 

Geologic. Durational distribution. 

Geographic Distribution.—The distribution of life over the 
earth’s surface is vrorid-wide, as no place is so forbidding as to be 
entirely without its flora or fauna; the dense tropical forest, the 
bleakest mountain, the scorching heat and drought of the desert, 
the devastating cold of the polar regions: each has its quota of in- 
haliitants, living out their lives as best they may. 

Closer study, howev'er, reveals the fact that the distribution of 
life is by no means a uniform one, and, aside from differences in 
faunas, due to cUroatie or other causes, there are peculiar instances 
of isolated distribution. Thus, for example, Africa has elephants, 
antelopes, and great apes such as the gorilla and chiiiipanzee in its 
fauna, while Brazil, with very amilar environmental conditions, 
has none of these, but instead possesses the tapir, sloths, and pre¬ 
hensile-tailed nionkei-s. The tapirs themselves are found in Cen¬ 
tral and South ^Wrira and again in the JIalay Peninsula and 
Sumatra, a curious instance of discontinuous distribution, expli¬ 
cable only by assuming tlmt the American and Malay tapirs are the 
last survivors of a widespread race, whose intervening representa¬ 
tives have been blotted out. 

Again, it is seen that the faunae of Great Britain and Japan, 
which are separated by thousands of miles, arc very similar, 
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whereas in Bali and Lombok, two small islands in the Malay 
Arehipclago, separated by a strait only 15 miles wide, the animals 
are much more unlike. 

Thus it is evident that the diapered and distribution of animala 
is governed by laws which are far from simple* 

To underafcftiid them thorouRhly “ the zoSlogist must trace out in detail 
the esact area or arca^ inhabited by the eevoral apecioa, genera^ and larger 
<muc« of animsls, and this process to be reliable must be bas^ upon a 
true and natural classification of the animals themselt'cs. The latter can 
only be attained by a dne consideration of the theory of evolution £or 
descent with modification! as generally understood at the present day. 
With this must be intimately associated a knowledge of extmet forms and 
their distribution in time and space, and this again depends upn an a^ 
ouaintance with the estent and relative position of the various fosil- 
bearing strata which build up the huge series of sedimentary rackfl 
(Bartholomew). 

Dispersali op Asijials 

Hacessity.—The stnugRlc for existence brought about by the 
rapid rate of rnultiplication of all animals and the consequent 
scarcity of food within a given area renders the dispersal of aniiaals 
imperative. Not only is this stnrggle between members of the same 
species, but between allied species or any sorts of animab whose 
needs are suHlcicntly simtlar to induce competition. Again, grad¬ 
ually changing climatic conditions, which render the old home 
no longer suitable, impel migration where migratory roads exist, 
otherwise gradual extinction is often the result, A study of the 
distribution of fossU. animals such as the elephants or horsea (sec 
Chapteia XXXV and XXXVI) gives evidence of repeated and 
world-wide migrations which probably occurred as often as oppor¬ 
tunity arose. The extension of geographical range seems, there¬ 
fore, to be a prime necessity in the great majority of organisme. 

Barriers (o Dfepersa! 

Topographic Barriers.—Such barriera as high and extensive 
mauTtUiirt rang^ limit the distribution of many terrestrial forms, 
and in general arc more effective if the mountains are more or less 
parallel with the equator, as in Europe and Asia. Here we find 
a marked difference between the species oecupiing the northern 
and those occupying the sovsthem slopes. This is notably true of 
the great Himalaya Range iu northern India, which rears its 
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mighty summite far bej'ond the Limits of perpetual anew. On tht 
south we have the hot, mcifit plains of India, with a very diatiDct 
tropical fauna which in many respects resembles that of Africa. 
North of the barrier, conditions of climate, both in temperature 
and degree of moisture, are entirely changed, and with them 
appear animals, with some notable exceptions, of a totally different 
sort, more nearly comparable to those of Europe. In the New 
World where the mountam chains in general run north and south, 
their influence upon animal distribution is vastly less, and in no 
ease do they form striking boundaries between aotigeographical 
realms (see page 49J, as do the Himalayas. 

The mountain ranges in the western United States do exert a 
certain influence, however, principally through their control of 
humidity. The winds from the Pacific are often laden with mois¬ 
ture, but as they reach the mountain uplift they are deflected 
higher and become cooler, which causes the precipitation of the 
moisture in the form of nun. On crossing the barrier, tiie winds 
are practically moistureless and, as a consequence, aridity of 
climate preva^ east of the mountains, producing conditions rang¬ 
ing all the way from dry plains to actual desert. This of course 
has its profound influence upon the character of the vegetation 
and consequently upon plant-feeding animals and indirectly, 
though to a less extent, upon carnivores. In North and South 
Amenca the animals are thus influenced in their range directly 
by conditions of temperature and rainfall. 

One important topographic barrier in North America is that 
which limits the Mexican plateau and again forms a line of de¬ 
marcation between faunal realms. 1 he plateau itself, though ex¬ 
tending well into the tropics, has a temperate climate, and the 
fauna is similar to that of tlie region to the north and northvrcat. 
From the edge of the plateau the land drops away abruptly and 
conditions rapidly change to those of a hot, moist, tropical region, 
with a corresponding change in the plant and animal Jife, which 
is now that of tropical Central and South America. 

Climatic Barriers.— While degree of iieat is of prime importance 
in limiting animal dispersal, Heilprin thinks that its influence haa 
been largely overestimated. Notable instances in proof of iiis 
contention are the tiger and elephants. The former, while its 
normal home is in the hot districts of India and the Indian archi¬ 
pelago, is not restricted to those regions nor to such as have similar 
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climates, for it is found " in the elevated regions of the CaucaauB 
and the A.itai chain, and in the Himalaya mnge its footprints are 
not infrequently found impressed in the fields of snow. It is a 
permanent inhabitant of the cold plains of Manchuria and the 
A moor region . . , prowling about even in winter aioi^ the icy 
margins of the Aral sea.” The northern range of the tiger extends 
to about 53' north latitude, as far north as Lake Baikal in Siberia 
or Lake Winnipeg in Canada. Elephants likewise do not seem to 
suffer from cold, provided a sufficient amount of water be ol> 
tainable. Hannibal, who invaded Italy in 218 s.c., took a herd 
of war-elephants, presumably African, over the Little St. Bernard 
Pass, which has an altitude of 7176 feet. Elephants also range 
in altitude in the Kilimanjaro region of eastern Africa from sca¬ 
le vel up to 13,000 feet, which must give a marked temporaturt 
range; the Indian elephant appears to be equally at home among 
the cool mountain heights and the hot and jungly lowlands. 

The influence of temperature is much more marked in limiting 
the distribution of cold-blooded animals or those which depend 
upon external temperatures for the maintenance of their bodily 
heat, than in the warm-blooded forms. Thus the amphibians and 
reptiles are tropical and temperate in their distribution, rapidly 
diminishing in numbers tow'ard either pole. Salamanders are 
limited to abtsut the sixty-third parallel in Europe, while frogs and 
toads are absent only from the higher latitudes north and south. 

Reptiles, on the other hand, an? more restricted; the crocodiles 
an? tropical or subtropical in their distribution, the Dorthem 
limit of the turtles is while of the lizards then? are few beyond 
40*, and at 60* the order entirely disappears. Snakes have the 
widest range, but only three species in Europe are found beyond 
55® and but one, the common viper, extends to the Arctic Circle. 
The tcneslrial vertebrates of the frigid mnes are therefore entirely 
birds and mammals, whose constant temperattire and efficient 
bodily clothing enable them to tnaintain an active existence w’bere 
the reptilce and amphibians would be reduced to a condition of 
torpor. This torpor can be endured for a while and the period of 
hibernation or winter sleep on the part of temperate cold-blooded 
imimab is a normal manifestation, but it has its limits and can not 
extend over too great a sum total of the animal’s life, '^rhe pres¬ 
ence of fossil reptiles or amphibia in the rocks of a given geologic 
period is, therefore, highly indicative of past climatic conditions. 
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Laxk of moidvtrv controls tbe distribution of animals and plants 
principaily where it is of sufficient extent to produce desert condi¬ 
tions, for while many fonns are marveUously adapted to withstand 
the harshest drought (see Chapter XXIV)i for others it forms an 
insuperable barrier. 

The most notable desert barrier is that of the Sahara, which 
forms the area of demarcation between the Ethiopian or Afncan 
£oi}geographica1 realm and the Eurasian, So efficient is it that 
such mobile forms as the deer, which are found in the Americas 
from the Straits of Magellan to the Arctic and over the entire 
Eurasian oontineot except tbe Arabian peninsula and the adjacent 
area to the east, are totally absent from ,\frica except in its ex¬ 
treme northern part, from tiie Straits of Gibraltar to Tripoli. Of 
course they are absent from the long isolated Australian region 
except where they have been introduced by human agency. The 
Sahara ia Africa and the Arabian desert are impassable to such 
forms. Animals like the Amphibia, which require moisture for 
their larval life and have no great migratory powers, find even a 
small arid area an insuperable obstacle. 

The iTicTcase of vioi&lure renders a region unsuitable for certain 
forms of life, in p&n- due to passible swampy conditions which 
may make the area impassable to creatures not adapted to thern, 
Swamp-[Jwe1ting generally places its mark upon the animal, as in 
the splay feet of certain Permian reptiles. It is doubtful, however, 
w'hcther even extended morasses act as a very great barrier to 
dispersal. Increased humidity tloes have a marked effect second¬ 
arily in affectirig the vegetation, the spread of insect life, and the 
like, to be described below. 

Vegetative Baniera—The profusion of vegetation depends 
very largely upon the climatic conditions mentioned above ■ 
temperature and degree of moist.ure--and ite prc^Tdence Ls favor¬ 
able to the dissemination of certain ty-pes and unfavorable to 
others. The influence of vegetation is both direct and indirect- 
direct in tlie impossibility of forest-li;nng, especially arlxjreal 
animaia crossing regions where forestation docs not occur, and in 
forming, especially in the tropics, so dense a growth of jungle that 
larger terrestrial nnLraals are incapable of penetrating it. Thus, 
id Pleijjloeeiie times masttHlon-s of the genus Dtbclodon (Chap. 
XXXV) migrated from North into South America over the newly 
established isthmian land bridge, but during the Pleistocene, while 
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there were several species of magDiiiceiit elephants and 

Mastodon) In North Amerjca, none of them apparently ancceeded 
in penetrating south of the southern limits of the Mesdcan plateau. 
The one possible recorded exception is that apparently of a true 
elephant {Elephas ^ tooth of which has been re* 

ported from the Lower Pleistocene of Cayenne^ French Gubna, 
the conditions were w hich prohibited the pEtssage of the later 
elephants into South America, while the earlier ones effected a 
crossing, w^e do not sorely know, but the presence of a tropical 
jungle too dense to be penetrated by such huge beasts as these is 
highly suggestive^ for at the present day the vegetation is said 
to be impenetrable to an animal as Large m a man. without 
mechanical aid. 

The lack of vegetation very effectively limits the distribution of 
certain forms^ notably the primates, which with few- exceptions 
are dweltem in tropical forests. Not only do they need trees for 
their safety and usual mode of progre^ion, but also as a source of 
food, for the primates as an order live upon fniit, nuts, and blos¬ 
soms, as well as upon Lnsects and small birds^ all of which are prod¬ 
ucts of these foreats. Frimates were veiy prevalent during the 
Eocene in western North America. At the close of the Eocene 
period, however, they became utterly extinct in North Americaj 
nor is there the slightest evidence of their reappeamnee until the 
coming of man. The Eoccne^ especiaDy during the middle part, 
when the primates were most, abundant, was a time of subtropical 
or w^arm-temperate conditions, as the roeka contain palms and 
bananas mingled w'ith many Kimilar mild temperate trees. With 
the ushering in of the next period, however, that of the Oligocene^ 
and more especially in the Miocene^ the tropical forests gave w'ay 
to those consisting largely of deciduous trees W'hich could not sup¬ 
port a primate population all the year, hence their local extinct ton. 

This airvea to illustrate not only the means whereby the absence 
of vegetation may limit disperaal, but also the way in w hich food 
supply limits distribution. Other illuBtrations would be the neces¬ 
sity for trees and shrubbery for animals with short-crow'iied bruwg^ 
ing teeth ^ on the one haod^ and of extensive pasturage of iiarsh 
gressea for those w ith long-erowiied grazing teeth, on the other* 
each t)'pc of vegetation being unadapted to the other tj^jc of an¬ 
imal. Vegetation is important also in the case of many insects; 
eatcrpillars, for instance, may be addicted to a certain spedes of 
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food plant and be coexteni^ive with it in diigtribution and unable to 
exist where the pl^nt does not occur. Conversely, some plants are 
absolutely dependent upon certain species of insects for pollination, 
without which they can not propagate their seeds. Parasitic in¬ 
sects which depend in turn upon the plant-feeders can not of course 
exist where the latter do not occur, for many parasites arc limited 
exclusively to a certain genus and species of host;K and this again 
may be restricted to a very small group of plants. Insectivorous 
birds may be iu a measure dependent on certain spccitie insects, 
the limits of whose distribution determine theirs, while frugivoroua 
birds, or those which, like the hununlng-birds, sip nectar from the 
flowers, are directly limited by the existence of certain types of 
vegetation. ‘^^Thus the whole fauna and flora of a district is bound 
together by a complicated network of particular conditions, and the 
slightest alteration in any detail may upset the balan^^ of the whole 
and lead to far-reaching and unforeseen results (Bartholomew). 

Large Bodies of Water.—Extensive bodies of water, when not 
frozen, form perhaps the most insuperable barriers of all, especially 
to terrestrial vertebrates like the amphibians, reptiles, and mam¬ 
mals, but not to those which have powers of sustained flight, such 
as birds and bats, Freah-water fishes arc also prevented from 
migration by large bodies of salt water, although certain fishes such 
as the shad, salmon, fiturgeon, and smelt—the anadromous (Gr. 

up, and to run) Ashes—ps^ from salt to fresh w'ater 

annually, while in the catadromous (Gr. xard, dowm) eels the re¬ 
verse migration occurs. The barrier is effective, therefore, ouly in 
the case of exclusively fresh-water types, such as the carpst gar- 
pifccs, catfi^hes, bow fin, and brook trout, some of which are quite 
locally restricted. To the modem Amphibia salt water constitutes 
a most effective barrier as common salt is poisonous to the am¬ 
phibia, even a solution of I per cent preventing the development of 
their larvzeJ Undoubtedly, however, many individuals have mado 
long voyages across the seas on floating t imber (see psge 46). Solu¬ 
tions of lime are likewise detriTnental to many species, and as a 
rule limestone-terrain is poor in amphibian life, 

for instance, is absent in Central Germany on the AIu$- 
eheikalk, but occurs in abundance in neighboring districts of sand¬ 
stone or granite (Gadow). 

s Ad bic€pt™ th\w \b Wbd tn tb? (ndpolrt of froRa wbirh tmVo brtli flbawviJd 
devtlopWE ^ the iiTilvffl iiT B tidal Ciwk &p4>nn]jj mio Manila Hay («m fll). 
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Amphibia are, as one T^^ould infer, almost completely absent 
from occamc islands, the Seychelles, New Caledon ia^ and the Fiji 
and Solomon islands forming island groups exceptional to a general 
rule. Another remarkable fact is the very nearly universal limita¬ 
tion of the tailed forms—sirens, newts, salatnanders, etc.—to the 
northern hemisphere, for the southern land masses, Australia, 
Africa, and South America, arc almost if not entirely isolated by 
the oceans, and the small migratory romls left open, which have 
proved sufficient for such c^reaiurea as the mammals, are inadequate 
for these inactive amphibians. The burrowing caecilians, on the 
other hand, arc confined to South America and Africa, with the ex¬ 
ception of the Seychelles, southern India, and the Ka^st Indian 
islands of Sumatra, Java, and Borneo, all of which are supposed 
to be relies of an ancient southern continent, for whose existence 
prior to the Tertiary period there is much evidence. The Anura 
(frogs and toads) enjo}'' a much broader distribution than tho 
tailed forms, being barred in their over-Rea4J migration only from 
the mo,st remote of oceanic islands. Their methods of dispersal 
will be discussed later (page 46), 

For some reptiles, notably the Crocodilia and marine turtles, 
the seas of course afTord no obst^le, the only practical limit to 
their distribution being that imposed by teinperalure. Among 
the most interesting of Ihing reptiles are the giant tortoises, some 
of which have been in captivity for upw^ards of a hundred and 
fifty years. They are confined to-day entirely to certain oceanic 
inlands—the Galapagos Islands off the coast of Ecuador (galapaga 
being one of the Spanish terms for tortoise), and the islands of the 
western Indian Ocean, namely, the Masearcncs (Reunion, Mauri¬ 
tius, and Rodriguezs), the Comoros, the Aldabras., the /Vmirantes, 
and the Seychelles. On the other hand, these tortoises are totally 
extinct on the mainland of South America, Africa, and Furasia. 
Their sheila are commou as fosglls, however, in India, Europe, and 
North Aiiieriea, in rocks of Miocene to Pleistocene nge. xAa, land 
tortoises are drowned within a few' houns if they attempt to sw'im, 
their distribution eould not have been accomplhihe<l by any over- 
sesuj hut must indicate again fonner land connections Over 

which they could travel.^ Their present distTibution is aliso within 
the limits of the ancient Gondwana laml mentioned above. 

’ The EcotciAiG eviden^v 9wm.9 to ba partly at Variimew in tH^t tho GalapiiAtM 
vfl voleauic and niay always finvir bran mch. 
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The serpents, many of which are fairly goad swimmers^ arc in¬ 
capable of paaaing large bodies of salt water of their own voBiiotii 
with the exeeption of the specially adapted sea-snakes^ which are 
found in the tropical sometimes several hundreds of milts 
from land. Lizards in their adult condition are as incapable of 
parsing an oceanic Ijurrier as are the snakes^ but* as Heiiprin re¬ 
marks, “it would appear that in aome special way—whether as 
effected by the oceanic currents themselves or through the agency 
of birds—their eggs may be transported to very considerable dis¬ 
tances out to $ea^ since this order of animals is sufficiently repre¬ 
sented in remote islands where neither snakes nor amphibians have 
as yet been encountered/* 

With the birds, as we shall $ee^ it is only the flightless fonng, such 
as the ostrich^ rhea, and cassowary, or the apteryx of New Zealand, 
which are debarred from tnms-oceanic migrutionsj for even sniall 
birds are carried far on favoring gales. 

With mammals, except those which, like the whales and seals, 
are especially adapted to marine lifc^ bodice of water of a greater 
expanse than 20 to 50 miles are mnpassable when not frozen. Many 
mammals arc, howevcri excellent awimraerSp the jaguax being 
known to cross the broadest of the South Americsji rivers^ while 
the tiger and elephant, as well as the deer, will all take to the water 
freely; but it is daubtful whether any of them will venture out- of 
eight of land, Heiiprin suimnarizcs ns follows: although "it may 
safely be conceded, from our present knowledge on the subject, 
that while mjuiy of the land Mammalia can effect ^lith safety, 
and even reariiness, such water passages as are most generally to be 
met with on contmcntal areas, none, pnjbably, would be prompted 
to undertake a joumej' across an ami of the sea whose width meas¬ 
ured 50 or more miles^ or even one much exceeding half that t^xtont. 
To these difficulties or impossibilities in the: way of dispersion must 
be attributed the circtimstanco tliat the vast number of oceanic 
islands are deficient, except where man has effected an intnoduo- 
tion, in representatives of this particular class? of animals/' The 
finding of allied or nearly identical forma of maiumals upon land 
massea now isolated generally points to former land connections 
where none now exist. 

Juat as bodies of water prevent the passage of land anirnals, so 
hnd miiAse$ form barriers to the spread of sea life. Such, for in* 
stance, is Gape Cod^ which separates the relatwely cold waters of 
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Massachiisett^ Bay from the ocean to the aouth, with a very 
marked dlatioction in the contained faunaa. The Isthmus of 
Fmiama is another case in pointy while certain relic seas like the 
Caspian contain sealsp porpoises, and other marine vertebrates 
whose forefathers entered it when it was an arm of the sea; their 
descendants being in tiirn cut off from the ocean with the $everance 
of communication. A species of shark in Lake Nicaragua is an¬ 
other such Eodlogicali odle. 

Impurity and Lack of Salinity of Sea-Water.—These afford an 
effective barrier to the dispen^ of certain kinds of marine animab, 
such as the brachiopods^ echmoids^ crinoidsp staxfishes^ squiebj and 
foraminifersj but notably the corals and spong^s. While there 
are fresh-water sponges, they form a very small proportion of the 
entire number which are extantj and none have skeletal structures* 
On the other hand, the corals are exclusively marine although a 
few are known in brackish and even in tolerably fresh water. These 
exceptionfip howeverp are notablcj for as a rule all such foiins 
quire a water of maximum purity and salinity. Hence it is that 
extensive coral reefs or sponge-growing areas are never found near 
the mouths of large rivers anch as the Amaronj Orinoco^ or Misais- 
sippi, each of which beam a great load of sediment seaward- The 
Great Barrier Reef of Australia extends along the eastern shore 
of that continent for a distance of 1500 miles, and along the entire 
adjacent coast the map fails to reveal a single river of importEuicOr 
although there are a few relatively small streams* 

Means of Dispersai 

Animals and plants are so widespread over the sutface of the 
globe that migratory routes must many, despite the effective 
barriers which have been mentioned. The means of dispersal are: 

Land Bridges.—Land bridges^ such as those at Suez and Pan- 
ain^t both of which are of oompamtivcly recent ori^n, geologically 
speaking, have nevertheless afforded the means whereby conti¬ 
nents received their faunas. The Panamanian bridge is of partic¬ 
ular interest because we know the history of its existence so well. 
There was evidently land connection between North and South 
America at least up to late Eex^ne time, although it has not 
always have been where the Isthmus of Panama notv lies. UTiile 
that connection existed there was free intermignition between the 
continentSp but during a long period of severance—untU &liddle 
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Miocene time—no interchange of species was possible^ and each 
fannu undement a remarkable evolution, without the admixture 
of forms from tbe other. The re-formation of the Jand bridge, 
howeverj opened up the ayenues of migration, and we find re¬ 
corded the incuraioa of the more vLriJe North American types into 
South America, such as the mastodonsj horses, deerp wolves^ and 
cats, and the immigration of South Amencan forms, the ground- 
slotha, lurnadillos, and other species in eit^diange (see Chapter 
XXXVIII). Bering Strait, although now impassable except over 
the ice in winter, has been at various times in the geologic past a 
migratory route of the utmost significancep so irnportfmt in fact 
that the land animals of North America and those of the Eurasian 
oonTinent show the closest blood relationship^ and this was es¬ 
pecially true during Tertiary time. In fact, as Matthew^ says: 

^*The Alaskan bridge S3 in existence to-day, only a few yards of 
ita planking removed, if one may so apeak, the substructure in¬ 
tact, and the marks of tbe missing planks still showing on the 
undaniaged portion/" Actually the intervening water between 
America and Asia has a wndth of only 36 miles and a depth of 
from 23 to 30 fathoms, so that the comparatively slight elevation 
of 200 feet would afford diy' and safe transit for the passing and re- 
passing hosts. 

Natural Rafts and Driftwood.—Terrestrial animals, either ac¬ 
cidentally or with intent, oecaaionaliy take passage upon drift¬ 
ing material which enables them to accomplish over-water jour¬ 
neys which are sometimes of considerable extent. Many Arctic 
animabp such as the reindeer, w'ill go out upon the ice to effect a 
crossing like that over Bering Strait, the Nova Zembla reindeer 
ooi:asionaiJy going to Spit^^bergen, a distance of 240 miles; or such 
forms m the polar bear may venture out upon the shore ice for 
the seals or fish which constitute their prey. These bears are 
splendid swimmers, for one was observed by Captain Party in 
Bsrrowa Strait 20 milea from shore, with no ice in sight. Even 
such natatorial powers would not, however^ take them to Iceland, 
and yet Ii\nng bears are stranded on the Icelandic shores eveiy 
yearp no fewer than twelve having arrived in one season. In such 
instances^ the journey w-aa probably very largely accomplished 
by means of fioating ice floe^ which liad broken away from thetr 
mooringS’ 

Katurel mft^ of vegetation are a very potent factor in dispersal. 
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These are masses of driftwood aod leiive$ held together by a tangle 
of vinesj creepers, and other ^'egetation, and sometimes having a 
covering of soil sufficient to msintaiii living plants or even trees. 
Such rafts are formed by the natural accumulations of timber along 
the rivers, caused by the easing of the banks on the outside of the 
river bends ^ and as larger masses arc formed they are swept out 
to sea by the action of the stream. Such natural rafts Lave been 
reported several times more than a hundred miles beyond the 
moutJis of some of the world^s great rivers and In one recorded 
instance the distance traveled U'as over a thousand miles) Hcil- 
prJn tells us that floating masses of wood^ with upright trees growl¬ 
ing over them^ were mbtaken by Admiral Sm>lh in ihe Philippisue 
seas for true islands^ until their motion made their real nature Ap¬ 
parent. Such rafts often have quite an assemblage of animaJ life, 
such as monkeys^ ttger-eata^ squirrelsj and arboreal mammals Lu 
genera!, together with reptiles and moltuses. 

A boap a huge species of snake, was tran^sported 200 miles 
on a cedar tree to St. A'iscent^ and Heilprin records the landing of 
four pumas in a single night in the town of ^lontevideo. He goes 
on to say: what distance such a floating raft with its living 

cargo may ultimately be carried in safety, and without detriment 
to its inhabitants, over the oceanic surface there are as yet no 
data for determining. But there would appear to be no reason for 
assuming that they could not be transported to a distance of sev- 
erui hundreds of miles, seeing that the upright vegetation found 
on many of them would serve w ith powerful effect in the face of a 
wind. And while the majority of the animal inbnbirants might be 
extertnimted l^efore the end of the voyage, the safe arrival on an 
island or distant shore of a very limited number of individuals 
embracing both males and females, would ser^e in a short period, 
under favourable coudltions, to stock the new l^nd with the 
species. That an absolute Knvit is set, however, to migration as 
effected in this manner is proved conclusively by the utter absence 
in most of the oceanic islands of indigenous mammals, excepting 
bits," 

Favoring Gaks.—The forms aided by this means am the aerial 
nekton—insects, birds, anrl bats—and while all three cun progress 
Without the aid of favoring winds their flight is very largely in¬ 
creased thcrehy, Tliis aid is iK^rhajja largely accldentab neverthe¬ 
less migratory birds are known to take deliberate advantage of it. 
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In^ct^ pmeot numerous iJist4ncc5 of great powers of sustained 
flight ivben aided by air currentaj of which the most contrlusive are 
naturally those recorded at sea. The ship on reaching a 

point some 960 ruitea south-west of the Cape Verde Islands, came 
upon hundreds of moths belonging to a spcxiiea which ia eominon 
[n the JLrustem Tropics, but is not found in South America^ the 
nearest laud. From the direction of the wind during the previoua 
tbur days^ it appeared to be beyond doubt that the insects had 
mme from the Cape \'eniesj and therefore must have crossed nearly 
a thotisand milea of ocean! Tlie nuptial flights of many msecta 
often aid^ either inddentaJly or designedly^ in their dispersalj 
when taken upon windy dayja. 

Bird flight is raarvebus, and some recorded instances are cred¬ 
ible only in these daj's of the perfection of the airplane. Many 
birds are known to pass several hundreds of inilea on the wing 
without rest and it is liiglily probable that their unaided flight 
may extend over one or more thousand. The wild goose is supposed 
to fly at 60 to 7o miles an hour and the swalloiv at 90 or more, and 
many other birds may be nearly if not quite aa sp€!edy. A sus¬ 
tained flight of ten to tw'elve houra is not beyond belief otherw'ise 
the enormous distances w^hlch certain niigmtory^ birds cover would 
not be possible. Land birds have been met with at all points in the 
transatlantic passage, but it is quite proliablo that passing craft 
afford temporary refuge to the weary ones. The prevailing westerly 
winds betw'cen 30* and 5S® north latitude carry many birds all the 
wsiy acrossj for the landing of American birds during or after 
hca\y storms upon the coa^t of England and the island of Heligo¬ 
land is no unusual thing. North of aS"" the prevailing winds are 
easterly^ ao that the European birds are transported to AmeKca 
by way of Iceland and Creenhmd. The wc?st to cast passage is 
much easier, however, as the transatlantic airplane flights have 
repeatedly demonstrated. Bats are found the w'orld over, even on 
the most remote sea islcs^ w'here thc_v may be the onl^- indigenous 
nmmmals. This is sufficient evidence for their migratorj^ powers* 

M igrallo7i& 

Migrations are of two sorts: permanent or racial movements 
where there ig some such impelling cause as the changing of cli¬ 
matic conditionSp or the unendurable increase of competition for 
food, shelter, or safety at home. Many such are recorded and will 
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be ftscorded m huiaan hfetoiy, like the coining of the white men to 
Araeritu, while prehistoo' has innumerable instances of the same 
thing. A few such were the intermigrationa between North and 
South jVmerica, already referred to; the world-wide dispeiual of 
the elephants from their primal African home, and of the American 
camels into Asia, and their relatives, the llamas, into South Amer^ 
ica. For several such migrations of liors&*Lke forms bet ween North 
Aiiierica and the Old World there ia also abundant evidence. 

Seasonal migrations also occur for food and for reproduction. 
Those for food occur in the temperate and frigid zones where the 
inclement weather of winter brings such scarcity of sustenance that 
animals must migrate or starve. The caribou of North America 
make such seasonal migrations and the American bhion or “buf¬ 
falo" were also known to do so* The migrations of many insect® 
such as the "Rocky Mountain locust" are well known. 

The most remarkable migrations are those for reproduction, 
for many animals have within them a w'onderful homing instinct 
which impels them to seek out their own birthplace for the pur¬ 
pose of bringing forth their young. Under this head come the 
movements of certain fishes auch as the herring and aJewife into 
shoal waters along the coasts, and the shad, eturgeon, and salmon 
to the rivers. The l^t mentioned ascend the Columbia and Yukon 
for thousands of mites, passing all but impassable obstructions in 
their journey and wearing themseivea out in its accomplishment 
Some bird migrants also cover thousands of miles, as, for exam¬ 
ple, a cuckoo which makes the annuaJ journey from Fiji to New 
Zealand and return, an overseas voyage of ioOO miles in either 
direction. The curlew-sandpiper breeds on the Siberian tundras, 
but ^es m the northern winter to the Cape of Good Hope, 
mania, and Patagonia down the three main continental a.xcfl faw* 
ma^ Fig. 2^) The Asiatic golden plover migrates from Alaska 
to Hawaii, a distance of 2000 miles, with no possibility of rest 
like the penguins, mate their long migrations by swim- 

Of the mammals, the sea-Uona or fur seals of Alaska excite our 
aitoiration, not so much from the length of their journey of 1500 
mil^ but because of the apparent accuracy and precision of their 
navigation, always arriving at the beach in the Pribilof Islands 
tor instance, at approximately the same time and place as tin- veai 
before; but, T?hile their actvial sewtua to be as mysterious 
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ELS that of a raiding siibniariiie> it h bi^gely contmlled by seasonal 
changes in water fcemjjerature and the trend of ocean currents. 

2k>OGEO0RAPKlCAl- ReaLMS 

Students of animal distribution have dhided the world's sur¬ 
face into a number of diatinct areas according to the Ukeness or 
untikenc^ of their faume. These divisions are based verj' largely 
upon the distribution of matnmalsj but they sen.^e nearly as well 
to show the dissemination of other terrestrial groupsp though 
manifestly not at all for the birds or for marine types. Several 
plans have been proposed having many pointa of r^cmblance but 
differing in certain minor details. The boundaries and nomencla^ 
ture given on the present map (Fig. 7) are largely those of VV, L. 
and P. L, Selatera proposed in 1S99. The realms are plotted upon a 
polar projection map instead of the usual Mercator’s projection^ 
as the former renders the migrator^' routes much more intctligiblc. 

Most naturalists agree in dividing the land surface of the globe 
into six primary amasp fo which the term realm has been applied^ 
These have been more or less divided into subrealniSp some of 
which are id the nature of trajosition areas between the larger 
realms. The six realms are: 

1. The Ne<i 7 ctic (Gr. vias, newp and appcriic^Js, arctic)* erabrao 
ing all of North America to the edge of the Mejtican plateau and 
including all of the islands to the north, together with Greenland* 

2* The /Veotro^icflf* consisting of Central America south of the 
Mexican plateau, all of South America and the AntiDes or 
Indian inlands. 

3. The Palearctic (Gr. TaXauSs, ancient)* embracing the whole 
Eurasian continent, except that portion lying south of the norths 
em line of Persia and Afghanistan p the Himalaya Mountainsj 
and the Nan^ling Range in China* ah of which are barriers of a 
physical nature w'hich most animals emmot surmount. Africa 
north of the Sahara, Iceland, Spit 2 bergen, and the Arctic Islands 
north of Siberia are included in this realm ^ 

4. The Ethiopian, including all of Africa and Arabia south of 
the Tropic of Cancer, although some authorities %.xtend it north 
to the xAtlas Mountains* making it thus include the entire Sahara. 
Madagascar and other small adjacent islands also come witliin 
thia realm. It is almost exclusively tropicalp more so than any 
other region- 
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6. The Oriental, coDsisting of the southern coast of Asia east 
of the Persian Gulf, the entire penia'oila of India south of the 
Hinialayas^ India E^t, and the portion of China south of the 
Nan-ling Range (Malaysia). The isSands of Sumatra, Borneo, 
Java, Celehea, and the Philippines are dso included. 

0. The Austruli<jn, embraeing Australia, New Guinea, Tas¬ 
mania, New Zealand, and the oceanic islands of the Pacific. 

O^vtur to the great similarity of their respective faun^ the 
Nearctic and Paiearetio are sometimes grouped together as the 
Holarctie (Gr. oXos, entire) realm. 

Lydekker has proposed three major terms to iuelude the whole 
terrestrial surface, which made a strong appeal to the student of 
extinct as well as of Ih-ing mammals, as they represent the three 
great areas of independent mammalian evolution (see continental 
adaptive radiation, Chapter XVHI), Lydekker would include 
Nearctic, Palearctic, Ethiopian, and Oriental regions, among which 
there has generally been more or less freedom of intermigratiod, 
in one great Aretc^eeic (Gr, fipucroT, north, and yaia, land) realm. 
South America or the Neotropical region was for a long time dui^ 
ing the TertLarj^ isolated fiom the rest of the world and to it he 
has given the name NeogEH. or the Neogmic realm. The third 
great realm, the Australian, which has been isolated since the 
beginning of the Tertiaii", he calls Notog^a (Gr. south), 

and this is toniay the home of those living ^ " mammals, 

the marsupials, wdueh eompetition has practically elimtnated from 
the rest of the globe. 
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CHAPTER IV 

BATHYUHETRIC DISTRIBUTION 


Definition.—^Bathymetric* distribution concema itself with the 
vertical range of orgauUms in space, and means much more than 
mere altitude, for in pa^ng from the higbeat alpine peak to 
the abysmal depths of the sea one would find a seriee of contrast> 
ing conditions which of necesaty profoundly aJTect the organism. 
Of these the primary conditions are three. (1) The air or water 
medium, which determine the method of breathing, b, with few 
exceptions, in each case prohibitive to the inhabitants of the other, 

(2) The presence or absence of light not only modifies the animal 
directiy but indirectly through its effect upon the food supply, 
for assimilative plants, which form the ultimate nourishment of 
all animate nature, cannot exist where light is wholly absent, 

(3) The third primary condition is the presence or absence of a 
substratum, without which the organisms must be self^upportiug, 
either buoyant or able to swim. This condition therefore deter¬ 
mines the bionomic group to which the animal belongs, whether 
plankton or nekton on the one hand, or benthos on the other (see 
Chapter II). 

The secondary conditions limiting bathymetric distribution are 
whether the water be fresh or sail, and the increase of pressure 
with the depth—very slight for oir-dwelling forms but relatively 
enonuous for those dwelling in the sea. 


Threk OaoAKic Kgauis 

Hence from the bathymetric as well as from the ^graphic 
standpoint three organic realms may be recognized. The bathy¬ 
metric divisions are: 

1. GetMiHt: (Gr. land, and pertaining to life) or 

terrestrial. 


* Bathytaetiic (Or. Sifct, depth or heiKbt. and to nitiisiire) » here 

to rarer the oJ orgnnrtmui m JV!raidaii» with the pr,e- 

^ Df Porker wd Hneyl] end qf Grateu. Olhtr autioriti® limit it 1* thB anuatle 
tlelm, uauLE tht tcrai altitudin*] for the dulribu tion of temstriBl forma. 
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Fia. 8. — showing 

fdAiiDC bathymetric realmS- 
Vertical scale highly 
nted- Notai whllt IDD fathoms 
af depth is convmtion&Jly ui^ 
to expiesa the limit of the eon- 
tinwital shelf, the averik^e eurve 
of the shelf preile ia concave 
upwrards to about 50 fathom^ 
vben it beroinee conves. 


iimit vf £tiW on^ 

gr^m/sjalant 


A/ayr'c /?ea^ 


2. LimnobioliC (Gr. lake) or fresh-water InliabitiDg (lakes 

or rivers). 

3, Hal^^biotic (Gr. sea) or marine or salt-water Lahabiting 
{the sea). 

These three realma stand in marked contrast to one another^ 
although^ ag we shall see^ the inhabitants do intermingle to a cer¬ 
tain extent at their lines of contactj which also give opportunity 
for permanent intennigratioos* 
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Geobiolic or rerrfairt'fli Healm 

The terreBtrial realm extends from high-tide mark along the 
shores of all continenta and islands to the summit of the highest 
elevatioiL. It ranges In altitude, therefore, from loHands to the 
Alpine subregion, and each division—lowland, upland, prairie, 
high plain, or mountain range—has its own distinctive fauna and 
flora, governed by many influences, but in part at least by altitude. 
This last limits quite effectively the character of the flora, as for 
example the contrast ing vegetation of the tropical iMexican coastal 
lowlands on the one liand and of the temperate high plateau on 
the other. The so-called timber-line, the limit of tree growth, is 
also governed by altitude, although varying in different regions, 
due to latitude and cliinate. 

One additional terrestrial subrealm is the Cryptozoic (Gr. 
xp curds, to hide, and life) or the aubterraaean caves, the 
only place in the geobiotle realm where light is absent. As we bthall 
aee in a later chapter (Chapter XXIII) this fonns a limited bi¬ 
otic environment which profoundly affects its deni sens. Internal 
parasites and the w’ood-boring larvse of insects also dwell in a 
lightless environment and are consequently tnodifled. 

Limtiobiotic Realm 

The terrestrial waters contain a rather limited fauna, as compar¬ 
atively few mv'ertebrates have ever attained a footliold therein. 
This possibly is due in part to the freshness of the water, but also 
to the flowing character of the terrestrial w'aters, a condition to 
which the great majority of iovertebrates with their mero-plaok- 
tonio larvic cannot adapt themselves. Certain lakes and relic 
seas are the only bodies of fresh water of sufQcieot depth to have 
the deep-sea characteristics of absence of light and increase of 
pressure, btit we do not QnJ such profound modifications in lacus¬ 
trine forms as in those which people the abyss. This is probably 
due in large measure to the evanescent character of all lakes from 
the geologic point of view. They are individually so short-lived 
that there has not been time for any very marked adaptive char¬ 
acteristics to develop in their inliabitants. Thus, for instance, 
while luminescent or light-producing organs are so character-' 
istic of deep-sea and nocturnal marine animals, none are found 
either in the deep lakes or in the equally evarrescent caves, al- 
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though in each instance they might be very useful in the stru^le 
for existence* 

Halobioik or Marine Realm 

Biologically speaking, the moat important bathymetric realm 
is the marine, for hero we find all the contrasting characieristLca 
abundantly developed, except, of course, the atmosplieric medium, 
and in addition the ages during which the ocean has existed have 
afforded sufficient time for evolution to run its course. 

The marine realm is divided into four subrcalma, whose char' 
acteristics are as follows: 

Strand, light, substmtum present ] ^ 

Fiaisea or fallow iea, “ " “ J 

Pelagic, “ " absent 

Abyssal, dark, “ present or absent 

Strand,—The strand or tidal zone is the transitional area be¬ 
tween the marine and terrestrial realms, for here the inhabitants 
are left bare twice daily by the receding tide and have to endure 
drying, cither by means of closable shells or other devices, or bur¬ 
row down into the moist sands, or must be able to breathe both 
the air and the water. The tidal zone is of course of very variable 
extent, owing to the differing height of tides and the declivity of 
the strand itself, and ranges from a width of a few feet to several 
and in rare cases to many milesj in the Bay of tundy, the tides, 
running into a constantly narrowing area, grow* proportionately 
higher until they attain the greatest altitude recorded in the world, 
about 50 feet at the time of the highest tides. Thus in Minas 
Basin, full-rigged deep-water ships were seen Ijdng in the red 
mud with no water in sight, and yet a few houra later they were 
borne on the bosom of the incoming tide. 

The term flatsca or shallow' sea is applied to the waters 
overlying the continental shelf below low-water mark* This con¬ 
tinental shelf is formed by the action of storm waves, which are 
continually cutting back the shore-line and depositing the debris, 
tOi 5 etbcr with other land waste, upon the area, especially at its 
outer edge. This margin, which marks the extreme limit of w'av*e 
action, is in round numbers about 600 feet below the surface of 
the sea, or at the lOO-fathom line. 

continGDtal shelf in cjjtcut, as doC3 the Etrandi in* 
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ere£Ldlng in width at both the laoer and outer margins, and is nar¬ 
rowest along the newer shores of continents and islands and widest 
where the cfiastal area is old or possibly subsiding. The slope of 
the continental shelf is, in genemh long and smooth, the bottom 
near the outer edge descending more or less rapidly to the more 
profound depths of the sea (see diagram, Fig. 8). 

Tlie flatsea is of the utmost importance biologically^ for it 
has both light with its attendant vegetation, and a substratum 
whereupon benthonic organisms may dwelL Fiirthemiore, it^ 
relative shallowness makes the presence of comparatively low 
physical barriers effective for the isfjiation which is so esseotial in 
evolution. x41l of these factors^ light, plant-fowl^ movements of 
the waters, w^armth, and isolation, make the flataea a veritable 
hot bed of evolution. Its importance as such has been abundantly 
rccOETiiKcd^ so that it has been eaJled the “cradle of evolution.” 

“The shore^fauna is certainly the moat representative of alt faunas. 
What pictures rise in the mind! Swiftly moving infusorians lashing their 
way thrrmgti the w‘ater; Fosraminifera with beautiftLl shells of ILme slowly 
gliding on the fronds of sea-w^eed; calcareous sponges like httle vase^ and 
more irregular flinty- and horny-sponges, sometimes coating the rocks like 
the common cnimbof-bread sponge, sometimes growing in beds Jike the 
plants they were once supposed to be; hydroid zoophytes Jike miniature 
trees on rock or sea-weed; sca-anemones and corab often like beds of 
flowers, lining an easy-going life, w'slting for food to drop into tiveir mouths, 
or Ringing smafl passers-by; unsegmented worms finch as the ' living fllme-' 
which ghde on the sea-weeds or stones like mysteriously moving leaves, 
and the nemertines or ribbon-w^omis, also covered with cilia, but provided 
with a reniarkablc protrusible proboscis, sometimes ejected so violently 
as a weapon that it breaks off si together and w^riggles like a wortii itself; 
the higher ringed worms or annelids in extraordinarj' numbers, like Nereis, 
Phi/Uodoce, and Aphri>dik itself, so beautiful in themselves and in tiieir 
names that we can understand the enthusiasm of the o^tjjert w ho is said 
to hav^ named his seven daughters after seven favorite Polychajts; the 
starfish creeping up the rocks with their strange hydniulie locomotor sys- 
temp the brittle-stars usmg their lithe arms Jike g> innasts, the sea-urchins 
tumbling along on the tips of their teeth, and the filuggish aea-cueumber^ 
plunging their tentacles into the niud and then into their mouths; the 
beautiful colonli^ of ‘mo^&^auimals' or Biynzoa, crusting stone and weed 
as if w ith lace, or forming leaf-like fronds like the seamat IFluatra), which 
was one of the first animals Charles Dar^vin worked at, or grrjwing into 
calcareous tufte as if in mimicry of corals; myriads of crustaceans, such as 
water-fleas, acom-shells, beach-fleas, sand hoppers, no-body crabs, sea^ 
slaters, shrimps, hermit-embs, and sbore-erahfi proper; strange sea-spiders, 
ueitber crufitseeans nor spideri, like liUorak, clamberiiig 
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mionB the sea-u-oods and hydroids; - . . bival\'e3 iirnirnimble, such as 
cockles and mussels, oysters and raior-fish; heriii^rouji gasteropods like 
peritvinkics, and voracious carnivores like the dog-whelks and buckles) 
sedctitary limpets with a disht range of movement and a slight memory 
for locality, ainco beyond a narrow radius they fail to find their way home; 
an oecaaional cuttlo-fiah caught in a 8hore-i»ol and many tiiorc further out; 
a large representatitm of ascidians or sea-squirts, both simple and oom- 
pi>und, which lie at the base of the %icrtebrate series; the lancdets tAm- 
pAmzus] buried all but their mouth in the fine sand; tmp shore-fishes like 
sand-eels and gunnels and ahannics; an oecasional reptile like the lizard 
Amblffrhynchua which swims out among the rocks, or a poisonous sea- 
snake, or a turtle coming ashore to lay her eggs; numerous shore-birds 
like oyster-catcher and rock pipit, gull and cormorant; and an occasional 
mammal like otter and seal—on the whole a TepreaenSatifU fuum than 

»K anu otter /^fc-araa." 

Keen Stni^te for Existence .—” It is evident that the shore-area must 
be characterized by a keen struggle for csiiitenee. In the oi#n sea there 
Is practically no limit to the Boating room and ewimming room, but the 
shore ia narrow and crowded. In a rock pool there is often no vacant 
niche. Tlicrc is competition e\en tfurfaothdd. It is important, for instance, 
that tlie limpet which makes little journeys in search of sea-weed to nibble 
should not go ttio far, else it will not find its way back, and will have lost 
the spot which its shell has grown to fit. It is curious, too, to see the Amer¬ 
ican slipper-limpet—one growing oh the top of another to the numlicr of 
four or five—suggestive of the root-idea of a skyscraper" (I'hoinson). 

The term littoral is variously used but may include both the 
strand and flatsaa. 

Pelagic Realm.—^The pelagic realm embraces ail of the super¬ 
ficial waters of the ocean dow-a to the depth to w'hieh effective 
sunlight penetmtes. It is characterized physically by the presence 
of light and the absence of a substratum. In the upper portion 
there ia variable temperature and frequent and violent wave ac¬ 
tio p, w'hile in ita lower strata the movement of the watcre and the 
temperature are greatly reduced. 

The distance to which sunlight penetrates varies, being manifestly 
greater in the tropics where the sun's rays may be perpendicular to the 
surface of the sea, ond less toward eltlier pole where the raj's become more 
and more oblique. By exposing photographic plates at various depths 
it has been ascertained that light penetrates in the tropics to a depth of 
3250 feet, thutigh this is true only of the ultraviolet blue rays. Red 
and green ravs fail to penetrate to i02D feet, bu t at 3^^ feet all of the rays 
of ordinary bright sunshine are present, thoufdi red light is the least strong. 

Assimilating plant life, which forms the ultimate food supply 
of lill animals, is dependent upon the presence of these red, orange. 
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and yellow rays, which virtually restricta it the upper 500 feet 
of oceanic waters. The importance of this is such that the verti¬ 
cal limit of the pelagic zone may be placed at about (iUO feet or 
100 fathoms; hence it becomes a seaward esitensioa of the flatfiea. 

OwinK to the absence of a flubstratum^ hownverj no bcnthonic 
forms can exist in the pelagic realm, but all must be either nck- 
toatc or planktonic. The pelagic realm constitutes therefore the 
high seaSj and is not only the ineeting place of the commerce of all 
nations but the great means of dispersal for countless forms of 
marine life, including the mero-planktonic lan-^se of shallow- and 
deep-w^ater benthos. 

Abyssal Realm.—The abyssal realm is that portion bey'ond the 
limits of the continental shelf and beneath the pelagic, and in¬ 
cludes all w^aters below a depth of 100 fathoma. This realm may 
be divided into the abysso-pelagic zonep w'herein there ia no sub¬ 
stratum, and all organisms, like those of the pelagic, must awim 
or float; and the abyaso-benthonio zonCj io which u substratum is 
present. 

The main characteristics of the abyssal realm are; 

1, Absence of tight Light of course must exist in the upper 
transitional strata but it lacks the rays essential to assimilatEng 
plant lifcj hence none exists. The animals therefore are all either 
carnivorous or feed upon dead organic matterp some of which ia 
of plant origin (ooze^p sec Chapter XXIII), Below- the tranritional 
realm the darkneaSp e.xeept for organic lumkieacericej is profound. 

2, Quies<^nce. There is an utter absence of movement aside 
from the sluggish ocean currents of the greater depths^ tlie prog¬ 
ress of which is iinmeasumbly alow. 

3, Cold. Below a certain depthp the waters in all oceans the 
world over have become iMjrmancntly chillc?d nearly to the freezing 
point of fresh water, and all diuroal and seasonal variafiotig of 
temperature and those duo to the climatic zones cease to exiat. 

The mean temperature of the Atlantic st the surface is 68® F,, at 500 
fathoms 37*, at 1000 fathoms 35.6.“ The Mediterraneanp on tlie other 
haiaip 13 wanner, owing to the barrier at the Stmit of Gibraltar, whtt;li 
preventj^ the tirculiitinn of the deeper anti colder waters^r At equivalent 
depths the Medstermnean teiuperature&areL surface, 75^ l\, 500 fathoms^ 
55* F.p and lOOO fathoms, 65“+ 

4, /Vf^ffwrc+ The pressure of the abyssal waters is enormous, 
increasing directly with the depth, the ratio of increase being about 
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one ton to the square inch of surface for every tliouiand fathoms 
of depth, as compared with tlie normal air pressure of approxi¬ 
mately 15 pounds to the square inch at sea-level* 

Thus the ab>'ssal realm constitutes a simple biotic cn^^^Cln- 
rneiit of vast extent but of comparatively uniform and changeless 
character and hence one not conducive to rapid evolutionary 
change. None of the deep-sea creatures is old geologically speak¬ 
ing, for ivhile from 25 to 35 Paleozoic genera arc known in the 
present aAoflour seas, none of the animab wliich people the deep sea 
is older than the Mesozoic- They seem to be all migrants from shal¬ 
low water which have become adapted to tiie deep-sea conditions, 
but there ia in no instance the evolution of a new race of ^inials 
exclusively restricted to the abyssal realm (see Chapter 

Intermigraiiems 

Intcnuigrations between the various benthonic realms do occur 
where opportunity arises. Thej'' are, as in the geographic migra¬ 
tions, both permanent and temporary, the latter being divided 
in turn into seasonal migrations for breeding and occasional jour¬ 
neys for food or retreat. 

Pemuiiient migrations shoreward have not been many. Of the 
plant*H, there have been only the numerous fuel or sea-weeda 
w*hicb extend above the limit-s of the atrand from just below blgb- 
water mark to the limits of salt spra 3 '. Thus w'hile strictly terres¬ 
trial, they still feel the influence of their ancestral home. Beyond 
this point the migration apparently cannot extend. 

Of the animalsj certain molluscs are also shoreward migrantSp 
but these arc gastropods only, for they alone seem able to combine 
air-living with locomotion; the bivalves, for instance, surviving 
exposure to the air by keeping the shell tightly closed, w hich makes 
any activity manifestly impossible. Examples of shoreward mi¬ 
grating snails are LiOoriwi of Brazil, which climbs the mangrove 
trees, and Aiupuihirffl, the connecting link between land and 
water atiaila. Of the Crustacea, there are several species of land 
craljs, of which one, Birgus, an ordinary crab-like form, is found 
far from the shore and even cluubs mountains and trees, but re¬ 
turns to the sea-shorc everj- year to hre-cd, the marine habitat of the 
young indicating to us the ancestral home of the species. Another 
land crab, Cenobita diogenes, is one of the hermit vnilw which uti¬ 
lize the cast-off shell of some gastropod for the protection of their 
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otherwise defensel^ body. A specimen from the Dry Tortugas 
group of the Florida Keys actually had a foaaii shell (Lft^na pica) 
for its habitation. It is posable that the terrestrial isopodsp wood- 
lice and pill-bugs^ were also de^i^’ed from a littoral stock. Proba¬ 
bly, however* moat of the transitions have taken place through 
accident in the relic seas or lakes. 

The transition from aquatic to terrestrial life on the part, of the 
vertebrates^ although doubtless occurring long ago, even previous 
to Devonian time, was another instance of permanent landward 
migration, but whether from the marine littoral* the land-locked 
seas (relic seas freshened mtn relic lakes), or from the originally 
fresh or tcrrestiial waters Is not quite clear. Evidence* however* 
seems to point to the last supposition. The annual return of 
most amphibia to the limnobiotic rather than the halobiotlc realm 
for the purpose of bringing forth their young points to the former 
as the ancestral habitat of the race (see Chapter XXLX)+ 

Temporary shoreward migriations are seen in several fishes* 
notably the common eel, which may travel from one pond to an¬ 
other through moist meadow grass. Perio^phthalmm, a curious 
fish found along the shores of tropical seas, mbabiting the mud¬ 
flats at the mouths of the various tropical rivers of the Old World* 
13 popularly known as the walking fish or mud^klpper, as it emerges 
freely from the water for hours at a time, progressing by means of 
its curiously modified pectoral fins. The lung-fishes (Dipnoi), 
whose swim-bladder is modified to serve as a lung^ can akt) live a 
long time out of water. While there is evidence that the Dipnoi 
are the survivors of a wid^pread group of fishes, they are all con¬ 
fined to the fresh w^aters of Australia, Africa^ and South America 
to-day. The climbing perch^ Anabasy which inlmbits fresh waters 
and estuaries in Africa and the oriental region, not only cornea 
ashore but iwtually climbs trees to the height of several feet by 
meaos of the strong spines on its pelvic fins and giU’^overa (see 
Fig. m)- 

Permanent Seaward Migrations.—Of plants there are eight 
species of sca-grasscs which have become adapted to salt-water 
life. The mangrove trees make their homes along tropical chores 
within the reach of the tides* but w hile the roots and portions of 
the trunk may be entirely submerged, the crown of leaves is al¬ 
ways in the air; the grasses of which mention has just been made 
may, however, be wholly below the surface of the water^ 
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Of arthropods, there are a number which have become entirely 
marine, although of terrestrial oiigtn, notably the saiigassum in¬ 
sects which live among the floating fronds of the gulf weed and a 
spider (Dssis) found in rocky crevices along the shore. Of the 
vertebrates, the marine migrants belong only to the three higher 
classes, land-to-sea migrations on the part of fishes being a priori 
impossible and on the part of amphibia rare, aa salt water is dis¬ 
tasteful if not actually fatal to them. Doctor Gadow says that 
common salt is poison to the amphibia, nevertheless we have re¬ 
ports of little frogs of the genus ifano hopping about on the 
of a tidal creek opening into Manila Bay, and two holes 
mnitp by a crab were seen to be full of wriggling tadpoles newly 
hatched. The tadpoles were developing in only slightly diluted 
sea-water. However, even though occasional temporary migra¬ 
tions may occur, there is no instance at present or in the geologic 
past where amphibia have become permanently adapt-ed to marine 
life. 

Of marine reptiles, however, the tale is a very different one, for 
not only are there several diflferent sorts—marine turtles, croco¬ 
diles, and searsnakes—living to-day, but the geologic record is 
crowded with remains of sea-going Rcptilia—plcsiosauis, the 
wonderfully adapted, dolphin-like ichthyosauri, the Cretaceous 
Bea-gerpents or mosasauis, and many others, aU of which have 
become extinct. 

Of birds, many, like the gulls, terns, frigate-bird, auks, and 
petrels, make their home on the bosom of the sea, but none pei> 
haps is so thoroughly adapted as the great wandering albatross 
which follows a ship for miles without resting, and has almost en¬ 
tirely forsaken the land as an abiding place, except for breeding. 

Among ancient forms, Hesperomn (see PI- XV) from the marine 
Cretaceous strata of our great West was an admirable instance of 
a aea-adapted bird. It had lost completely all powera of flight, 
while the retention of reptilc-Uke grasping teeth in its jaws and its 
inclusion in marine sediments in association with plesiosaurs, mo 
sasaurs, and other marine reptiles and fishes indubitable evi¬ 
dence of its habitat. 

Of mammals, the seals, whales, and Sirenia or sea-cows are in¬ 
stances of i^prmaiieat seaward migration, possibly by way of the 
^fpestrial rivers or cstuartes. The resultant modifications of these 
as well as of oertain of the marine reptiles, which will be discussed 
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in Chapt-er XX, are so profound as to render their return to the 
ancestral habitat either a relatively rare teniponiry mhtration, a$ 
in the sea-turtlea and aeale, or an impossibility, aa among the 
icbthyosaura and whales. 

Temporaiy Seaward Migtants.—-Of temporary seaward mi¬ 
grants, the most noteworthy is the curious iguana-Iike limd 
Amblffrh^nrjius crisiofus (see Fig. S3) which is found in the Gala¬ 
pagos Islands. Darwin says of it: "It is extremely common on 
all the islands throughout the group, and lives eselusively on the 
rocky sea-beaches, being never found, at least I never saw one, 
even ten yards ia-gbore. . . , Their tails are flattened sidewaj's, 
and all four feet partially webbed. They are occasionally seen 
some hundred yards from the shore, swimming about, . . . When 
in the water this liaard swims with perfect case and quickness, by 
a serpentine movement of its body and flattened tail—the legs 
being motionless and closely collapsed on its sidea, . , . I opened 
the stomachs of aevernl, and found them largely distended with 
minced sea-weed (Ui™), which grows in tliin follaceous expan¬ 
sions of a briglifc green or a dull red colour. ... I have reason to 
bcliex'c it grows at the bottom of the &ea, at some little distance 
from the coast. If such be the case, the object of these animals 
occasionally going out to sea is explained. . . , The nature of 
this liiard’s food, as well as the structure of its tail and feet, and 
the fact of its having been seen voluntarily ewimming out at sea, 
absolutely prove its aquatic habits; yet there is in this respect 
one strange anomaly, namely, that when frightened it will not 
enter the water. Hence it is easy to drive these lizards down to any 
little point overhanging the sea, where they' will sooner allow a 
person to eateh hold of their tails than jump into the water. 
Perhaps this singular piece of apparent stupidity may be accounted 
for hy the ctrcumstance, that this reptile has no enemy whatever 
on shore, whereas at sea it imist often fall a prey to the numerous 
sharks. Hence, probably, urged by a fixed and hereditary instinct 
that the shore is its place of safety, whatever the emergency may 
be, it there takes refuge." 

Among mammals, temporary seaward migrants include the 
polar Iwar but especially the aea-otier, the latter being of particu¬ 
lar interest in illustrating the course of evolution which the seals 
must have undergone in their adaptation to permanent marine 
life. This otter {Enkydris) was still comparatively plentiful all 
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along the northern Paeific coast in the middle of the last centUTyj 
but because of its vsJuable fur has been almost entirely extiipated. 
It is well adapted for aquatic life, with hind feet suited only for 
iTft'Uiiimng, back teeth with smooth roimdecl crowns for crunching 
'^shelUfisb/^ and in Iho care which the mother shows for the pup^— 
dandling it and diving with it. 

Another y^ry remarkable seaward migrant is the hiplx>pota^ 
musj which wdule really a terrestrial or river-inhabiting fonHj 
occasionally takes to sea In its passage from one river-mouth 
to another along shores which would be othcpwise: difficult to 
traverse. 

Per man ent Migrations from Sea to Fluviatile Realm.’—In all 
probability the molluscs (fresh-water clams, mus^ls, and snaUsJ^ 
the crustaceans, and the emyfish represent permanent or land^ 
locked migrant^ from salt to fresh w^’atert?; but the great host of 
marine invertebrates have never succeeded in gaining a permanent 
foothold in the reainu There arc some eurioua instances 

of creatures^ vertebmtes and in vertebrates^ however, which have 
made what might be called involuntary^ migrations into fresh 
water. Such animals are found in what are known as relic seas, 
formerly in direct open communication with the oceans but now 
cut off from them. The best-kuovrh e?!amplcs of these arc the Black 
Sea and the Caspian Sea, both of which once widely connected 
with the Mediterranean, but have been freshened gradually 
through the inflow of rivers, The animals which inhabit these 
seas are also relic faunas or relic species which upon being cut off 
from their ocean-1 i™g brethren have adapts themselves to the 
gmdiudly freshening waters. In the Caspian Sea^ for instance, 
while there are comparatively few different kinds of animals, the 
fishes are so abundant in individuals that the fisheries are equal to 
those of the northern Atlantic Ocean. The fauna includes sturgeonp 
salmonp herring, porpoiaest and seals, American examples of relie 
seas are possibly r.ake QnUrio but more especially Lake Cham- 
piain. The elevated beach deposits of Lake Champhiiu con¬ 
tain an abundance of marine shells and the bones of seals and 
wbalcfi. 

Temporary Migrations from Sea to Fluviatiie Reahn.—^Thero 
are a Tiuml>er of fishes, such as the shad, aleivifch sturgeon^ and 
salmon^ which, while the major portion of their life La spent in the 
sea^ aacend rivers periodically to spawn. Of these the moat aota- 
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ble are the satmon, which ascend the Sacramento River to its ex¬ 
treme source, a distance of about 400 miles. In the Columbia they 
ascend as far as the Bitter Root and Sautooth mountains of Idaho, 
a distance of nearly a thousand miles; but their extreme limit is 
not known. In the Yukon a few ascend to Caribou Crossing and 
I^e Bennett, 2250 miles. "At these great distances, when the 
Rsh have reached the spawning grounds, besides the usual changes 
of the breeding season, their bodies are covered with bruises, on 
which patches of white fimgus ((Saproieynm) develop. The fins 
become mutilated, their eyes are often Injured or destroyed, par¬ 
asitic worms gather in their gills, they become extremely ema¬ 
ciated . . , and as soon as the spawning act is accomplished, and 
sometimes before, all of them die. The ascent of the Cascades and 
the Dalles of the Columbia causes the injury or death of a great 
many sahnon” (Jordan). This w’onderfui instinct again points to 
the salmon and other fishes having originally been fresh-water 
forms which have made a permanent migration seaward in some 
bygone period, but the homing instinct still impels them to return 
to their ancestral waters to bring forth their young, even though 
the be suicidal so far as the individual is concerned. 

Permanent Migrations from Cluriatile Realm to Sea,—If, as 
certain authorities claim, the land waters are the ancestral home 
of all vertebrates (see Chapter XXVHI), the marine fishes must 
have all come from one or more ancient seaward migrants from 
the fliiviatile realm. It has also been argued that the Cetacea, 
some of which, like the blind fresh-water dolphins (Plafanistidte), 
inhabit the riveia of India, madethelimaobiotic realm their tranaj- 
tional habitat in their ancestral migration from land to sea. This 
however, has not been proved, although the supposition that they 
were at least estuary-inhabiting forms before taking to the high 
seas IS certainly plausible. 

Temporaiy Migrations from Fluviatile Realm to Sea.—Of 
transitory migrants perhaps the most notable h the ordinary 
fresh-water ed. The eels of Europe spawn in a restricted area, of 
the western Atlantic, in the vicinity of the West Indies, and the 
feeding grounds of the American forma are in the same vicinity 
Thomson thus describes thefr life historj-: “The early chapters of 
the life-history remain obscure, but the young larva rises to the 
upper sunlit waters as a transparent, sideways-flattened, knife- 
blade-Iike creature, about three inches in length, with no spot of 
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color save in It lives for many months Ln this state— 

known as a Leptooephalus—expending energ}.' in gentle gwimmingp 
but taking no food. It subsists oo itselfj and becomes shorter and 
lighter^ and cylindrical instead of blade-like. It is transformed into 
a gbss-eclt about two and a half inches long, like a knitting needle 
in girth. It begins to move toward the distant shores and rivers. 
In some cases it may take more than a year to reach the feeding 
ground—those that ascend the rivers of the eastern Baltic ha™g 
journeyed over three thousand miles, I’heir ranks are tliinned^ 
but large numbers succeed in finding the estuarie^t and the passage 
of millions of elvers up our rivers is one of the most remarkable 
eights of Spring. There is a long period of feeding and growing in 
the slow-flowing reaches of the rivers and in the fish-stocked ponds. 
But there b never any breeding in fresh water^ and after some 
years a nestle^ncss seises the adults as it eeized the larvae—a 
restlessness ducp bowev^er^ to a leproductivep not to a nutritive 
motive or impulse. There is an excited return jouniey to the sea— 
they don wedding garments of silver as they go and become largo 
of eye* They appear to migrate hundreds of miles^ often at least 
out into the Atlantic to the verge of the deep sea, where, as far 
as we knowj the individual life ends in giving rise to new lives. In 
no case is there any return.” This i$ an msfance of former saJt- 
water fish which ha^-ing made a permanent migration into the 
fresh waters in some remote time^ still seek not only their own 
birthplace but that of the race for the purpose of bringing forth 
their own young. 

Migrations from Sea to Air and Air to Sea.—The intemiigra^ 
tions between the sea and the air are relatively few. Under migra¬ 
tions from sea to air would come as temporary' mtemigrants the 
fly^ing fishes, of which several genera^ representing a number of 
separate evolutions, are known. Their airial existence ia very 
tranaitoryj na the flights, if such they are^ rarely exceed a hundred 
yards and are generally far shorter. 

Of air to sea mignuita the penguins ai*e perhaps the best exam’* 
pie, they as have lost entirely the power of aerial progression, but 
their wTJigSj through the degeneracy of the feathers and a com¬ 
pensating broadening of the entire structure, have become ad¬ 
mirable swimniing devices for wbat may be called submarine 
flight. 
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CHAPTER V 

GEOLOGIC DISTRIBUTION 


The distribution of animaifl and plants in fme is fully a$ un- 
portant to our understanding of evolution &s their distribution in 
space, for while the biologist who bases his research upon recent 
forma alone need conocrii hims elf with the latter diatribution only, 
the student of the dociunentary evidences of evolution, which ate, 
after all, the final court of appeal, Is concerned very deeply with 
the former. The reader is referred to an Historical Geology such 
as Schuchert and Dunbar’s for a complete understanding of the 
basis for the divisions of geologic time, but the following state¬ 
ments will suffice for our purpoee. 

The science of geologic chronology is the result of nearly two 
centuries of growth, and while the major divisions of earth's history 
and their limitations are now pretty well understood and agreed 
upon, there are yet many details to be adjusted. "Geology,” saya 
Schuchert, “ was at first a science of minerals and rocks, and it was 
not until the sigiiLficance of fossils as determinants of age was 
first worked out in England by Smith (1799-1801) and still more 
clearly by Cuvier and Brongniart in France (1808-1811), that 
stratigraphy and geologic chronology had their beginning." Then 
arose the doctrine of CatastrophUm, advocated by Cuvier and 
D'Orbigny, a doctrine by which geologists, with the exception of 
Lyell, were largely swayed until the appearance of The Origin of 
Sjiedesf when they gradually came to a belief in the continual 
evolution of life. The idea of Catastrophism has now given way 
to the theory that it is environnaentai changes, local or general, 
that bring about changes in organisms. Hence the basis for the 
geologic sequence is the fossils that vi-ere buried in the rocks at the 
time the latter were formed. la the long earlier portion of the 
earth's history, however, the life was very rarely preBer\'ed, and 
the age of the recks has to be determined by other methods. 

Eras,—Geologists, as a result of study of the rocks with their 
contained evidences of changing environmental conditiona, Lave 
divided the earth's past history into a number of major divimona 
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called eras, the names of wliieh indicate the degree o* evolutionary 
aJvanmncnt of life; thus, beginning Mith the most ancient, 
Archeozoic (primal life), Proterozoic fpiiioitive life), Paleozoic 
(ancient life), Mesozoic (medieval life), Cenozoic (modern life), 
and Psychozoic (mental life). 

Periods.—^The etas in their turn arc divided into periods, the 
names of which arc in large meagure geographic; that is, they w ere 
taken from the locality where the rocks pertaining to the period 
were fimt described, or they may be of historic significance in tlio 
deveiopment of the science. Thus, the names Cambrian, Ordo¬ 
vician, Silurian, and Devonian take their origin from the ancient 
inhabitants of England or Wales, or from the districts where the 
rocks are best developed; Triassic refers to the tripartite division 
of the rocks of that period in Germany; Jurassic to the Jura Moun¬ 
tains in Switzerland, in which the strata are admirably displayed; 
while Cretaceous, a relic of the old days of mineral geology, ia 
from the cKtensive chalk deposits pertaining to the formation in 
Western Europe. 

Epochs.—Subdivisions of periods have been called epochs. The 
epoch terms of the Ccnoioie and Psychozoic eras arc Eocene (dawn 
of the new), Oligocene (few of the new), Miocene (a mmority of the 
new'), Pliocene (a majority of the new), and Pleistocene (most 
of the new)' Popular names, such a."? “Age of Man“ for the Psy¬ 
chozoic era or "Age of Mammals" for the Cenozoic, are also in 
general use. 

Heel need to its last analysis, the limits of all these eras, periods, 
and so on are due to certain more or less profound changes, climatic 
and otherwise, which have as one basic cause the warping of the 
earth's crust due perhaps to shrinkage of the earth's moss, giving 
^ not only to land elevation and often extensive mountain riiak- 
ing, but to tJie alteration of the strand-Iiiie or line of demarcation 
between land and sea. This implies of course inroads of the sea 
upon the land, with the sevcriince of old migratory routes and the 
restriction of terrestrial habitats, or the withdrawTil of the watem 
and the formation of new iancl-bridges or the resurrection of those 
which formerly existed but which have been tempomrily de¬ 
stroyed. It will be readily seen how profound an influence upon 
the evolution of life such movements may have—and there were 
many of tl)cm—especially when we bear in mind the attendant 
ciiniatic changes, some of which were of a very marked character 
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(aee Epilogue), For changes of climate react directly upon plant 
life and hence both directly and indirectly upon tlmt of aniumla^ 
while restriction or amplification of habltet and the severance or 
formation of land-bHdge^ provide the essential isolation, or 
the introduction of new forma increase competition, both of which 
stimulate evolutionary' progress. Hence H ia that evolution is 
not a uniform process, but where profound geologic changes are 
recoitlcdp the tide of life flows more swiftly, and on the other haud^ 
during the long periods of companitivc quiet, evolution is slowed 
down to an almost imperceptible rate of change. ITio times of 
rapid progress Cope called 'te,T{pression points^' in evolution, and 
the rhythm is more or less sjmehronous w'ith the physical changes 
which time haa wrought in the earth itself. 

Geologic Time Scale,—A convenient time scale haa been worked 
out, knowledge of which is fully as importaut to a student of 
evolution as ia a geucml idea of the geographie or bathjTnetric 
divisions of the earth's surface, it follows iu general the geologic 
time-tables of Schuchert and Barrel!. (See pp. (18 anti 69,J 

Age of the Earth,—An estimate of the earthy's age in terms of 
years has been for a long time a subject of discussion, but the 
leaults vary astonishingly> as the following statement compiled 
from Schuchert will show. 

The data are from two sources, Geology and Physics, The fonnet 
science utilizes two chief methods; the rate of sedimentation and 
denudation and that of the accumulation of salt in the oceans de- 
rivizd from the weathering of igneous rocks and brought to the sea 
by rivers. 

The know'n sedimentary rocks, if taken fogether, form a mass 
at least 70 miles thick, and tliis leprescnte the algebraic sum of 
w'bat was deposited and what has been irrevocably lost through 
denudation, so that the actual amount depot^ited must greatly 
have exceeded this total, U'liat remains, however, represents 
“the IVearing away to sea level, one after another, of more than 
20 ranges of mountains like the present European Alps or the 
American Rockies,” In addition there w-ere long periods when the 
lands were so near base level that Ixjth erosion and the accumilla¬ 
tion of sediments practically ceased. Upon such data as tliese^ 
the rate of denudation and accumulation l>cmg estimated from 
modem evidences, figures are arrived at w'hich are appallingly 
great. Thus Barrel! gives minimum and maxunmn time values. 
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as follows, the hgunes represeutinff miilioDa of years: Cenozoic 55 
and 55, Mesozoic 135 and 180, Paleozoic 3(30 and 460, and the aum 
from the beginning of the Paleozoic 550 to TOO. The saline records 
arc materLally less; the leading geologists, however, accept 
timates of from 250,000,000 to 300,000,000 based upon the above 
data, with perhaps 500,000,000 sinee the beginning of the Archeo¬ 
zoic. 

The calculationa of the physicists were likewise from two 
sources, the radiation of heal from the earth, based upon the 
assumption that it was once a molten mass and has cooled to its 
present condition, an idea which is not now generally accepted, 
and the time necessary for the reduction of certain radioactive 
substances, such as uranium and thorium, to stable lead. The 
radioactive calculation gives figures varying from 130 millions to 
one and one-half bilUons of years! 

Estimates of geologic time are thus summarized by Schuchert 
and Duubar;'‘!t appears probable that the bc^nning of the Ceno- 
zotc was about 60,000,000 years ago, of the Mesozoic about 
200,000,000 j'cars, and of the Paleozoic about 500,000,000 3'cars. 
Since the oldest dated rocks are intrusive into still older schists, 
it is probable that the earth is at least 2,000,000,000 years old." 

Records of Life,—The records of past life arc the fossils en¬ 
tombed in the rocks. These are the actual relics of animals and 
plants which lived in past geologic ages, and their nature aud the 
methods of their prcser\'atioa and their interpretation will be 
discussed more fully tn Chapter XXV, They are found only in 
sedimentaiy as opposed to igneous or volcanic rocks, that is, in 
limestone, sandstone, or shales. Of these the majority were 
formerly water-borne aqueous sedlmeats, such as sands or muds, 
while those composed of fine sand or dust carried by the winds 
(a^olian) are comparatively rare, Of the aqueous rocks the marine, 
espeebliy those formed in relatively shallow waters bordering 
upon the continents, are the most extenafive, hence the reeoid of 
marine life is far more complete than that of any other realm. 
Fresh-water deposits make up for their rarity by their importance, 
for they contain practically all of the relics of terrestrial life. Thia 
last record is very much broken, due either to a lack of depoaition 
or to subsequent erosion. 

Climatic Variations.—At the present day, the earth presents a 
variety of climatic conditions, ranging from the equatorial belt or 
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torrid zooe where heat predomioateSj through the temperate zone 
where the climate is milder but where extremes both of heat and 
cold sometunes prevailj to the polar regions where inteiise cold is 
the rule* Not long ago, however^ geologically speaking, the tem¬ 
perature throughout the world was much colder than now, though 
there were long inter\^als during the Glacial Period of almost uni¬ 
formly mild conditioua. The warm climates persisted during long 
geological age^H and even though there were zonal belts and fluctua¬ 
tions in the teniperaturej the polar areas contained warm-climate 
animals and plants. The temperature fluctuations were greatest 
tow ard the Deginning and end of periods and there is also evidence 
of increasing aridity at such times. 

Between the long warm times are short cool to cold periods. 
Seven periods of such temperature reduction are now known— 
earliest and latest Late Protcro^oio, Silurian, Permian, Triaesio, 
Cretaceoua-Eooene, and Pkistocene. Four of these w ere glacial in 
nature. Curiously^ these reduced temperatures w'ene not ^o- 
graphically constant in their appearance, those of the Kirliest Late 
Proterozoic and the Pleistocene affecting the northern hemisphere, 
whereas in btest Proterozoic $ 4 id Permian times the cooled area 
lay rather in equatorial regions. These cooled climates seem to 
appear as a rule toward the dose of periods or eras, when the 
lands are greatest in extent and highest above sea level; and the 
glacial ones apparently accompany or directly follow* the revolu¬ 
tions, when the earth^s surface Ls being pushed up into monntainsL 
(Schuchert.) 

Summary of GEOLtKiic History 

As human history b divided into ancient, medieval^ and modem 
periods, so geologic histoiy^ is comparably divisible into eras, the 
Paleozoic, Mesozoic, and Cenozoic* Human existeiigep however, 
far antedates written history, there having been what historians 
are wont to c?dl the le^ndary period, now pretty generally known 
as the prehiatoric. In a hke manner there stretches back from the 
beginning of the fossil records of the Paleozoic a time inconceivably 
vast, during which life must have existed upon earth, but the 
evidence for its existence is either meager or argumetitative, 
reasoned from the perfection which it had attained w*ben legible 
fossil rcmaiofu first appear, and w^hich implies a long antecedent 
evolution; or based upon the large deposits of lim^stouea, graphites, 
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and Lmn-om which, ^ far 03 our knowledge goes^ are mainty of 
DT;gaTiic origin. 

Pre-Cambnati 

Archeozoic and Proterozoic.—The great legendary eras are the 
Archeozoic and Proterozoic^ the former of which is called the Age 
of UnieetUilar Lifej for undoubted fo^siU of this time are aa yet 
ahi]f>yt utterly unknowTi and it has been inferred that the dominant 
forms of plant and animal life were all unicellular formsj Proto^ 
phyta and Protozoa, of verj^ lowly organization. 

In the Proterozoicj while known marine fossils are extremely 
rare and imperfect and almost indecipherable^ they neverthele^ 
indicate a very material evoUitionaiy advance. The evidence is 
positive for the existence of marine algK fVmong plants^ some radios 
iarians^ sponges, and tubes and burrows made by annelid ivormg* 
But because of their position in the scale of animal life, the tubes 
and burrows imply Annelida and these in turn the more lowly 
organized sponges, cc]eleiiterate$, and other worms. This Protero¬ 
zoic era, especially it^ latter half, may therefore bo called the Age 
of Primitive Marine Invertebrates. 

Pdeozmc 

Cambrian.—By Lower Cambrian time all the main inverte¬ 
brate phyla had been evolved and possibly the vertebrates, as the 
fishes were well e^stablished by the Middle Ordovician. The degree 
of perfection of the invertebrates at the beginning of Paleozoic 
time shows that more fundamental evolution had taken place up 
to this time than subsequently* The main evolutionary-' structure 
of all invertebrate tj-pcs having been established, their future 
changes are mainly toncemed with detail and with the rise of cer¬ 
tain important groups, such as the insects. 

Ordovician.—The Ordovician ?aw the rise of the progressive 
cephalopods and the first recorded fishes, with development 
the trilobites, the highest and most aggressive fonn of Cambriati 
life, began to w ancj ultimately to pass out of existejicc with the 
close of the Paleozoic, The active and carnivorous cephalopoda 
became more and more important during the Ordovician and Bilu^ 
rian, to be gradually displaced by the fishes; the cephalopods per¬ 
sisted, however, in considerable numbers until the close of the 
Mesozoic, when they were reduced to the comparatively unim¬ 
portant place which they now hold. By far the vast majority of 
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Paleozoic invertebrates were sedentary benthonic formsj feeding 
upon microorganisms or organic d6bm> though aome were vagranti 
living upon the benthonic seii-weeds^ and otbeja^ like the starfishes, 
were camivorDUs. Tlie Ordovician rocks give us the first mcagier 
evidence of land plants^ for while none arc known prior to that 
period p the woody kinds appear before itis dose. To the Ordovician 
period^ therefore, we owe the origin of two most important groups 
of organisms, the w'OOdy plants and the fishes among the vertex 
brates, 

Silurian and Devonian.—The Silurian and Devonian perioos 
collectively constitute the Middle PaleozoiCp in contrast to the 
Early Paleozoic of which we have been speaking- They also usher 
in two events of prime importance to the aniinate ivorld, the de^ 
veiopiuent of air-breathing forma on the part of both invertebrates 
(Silurian) and vertebrates (Devonian). In rocks of Sihirian age 
we have recorded the first scorpion as w-ell as fishes whds^ organiza¬ 
tion is in many respects similar to that of the double-breathing 
lung-fislu^ of to-day. Out of ttiis ancient lineage, although we 
have not yet recognized their imdoiibtcd ancestors, were to come 
the Amphibia^ which in turn gave rise to all the later terrestrial 
vertebrates. From the Devonian rocks we have not only the 
earliest footprint of an amphibian (TAmapw* aw/trfuas. Fig. 135) 
but also the actual skeletons- The latter have been found in 
Greenland in 1Q38. Fishes developed so wonderfully that the 
name Age of Fishes hm often been applied to the Devonian 
period. 

Terrestrially the late Silurian and early Devonian ivcre charao 
ten zed by mcreasing aridity of cMmatep which seems to have l>een 
the impelling cause in the evolution of air-breathing vertebrates 
through the drjring up of the streams and lakes tvhereln their fore¬ 
bears among the fishes made their hom-es (see Chapter XXIX). 
The Devonian was also the time of the establishment of the first 
land flora. 

Mississippian^ Peonsylvanian, Permian.—The Carboniferous, 
which is now divided into the Mississippian and Pennsylvanian 
periods, together with the Permian, cons^titutes the T^atc Paleozoic, 
a time charaeterized in its earlier part by a mild, moist climate 
which, however, grew more and more severe toward the close and 
culminated in the middle Permian ice age. The Carboniferous was 
therefore the great age of coal plants, the vegetation teaching it^ 
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maximum development in variety and in the sLste of the individual 
plants during the Pennaylvanian period. Our knowledge of the 
plants of the timei however^ ia restricted to those of the lowdymg 
swamps and we know nothing whatever of the upland flora. The 
coal plants were principally spore-bearing, of rapid growth^ and 
soft, spongy woods. Seed-bearing trees and shrubs of many kinds 
were also present but their flowers were small and inconspicuous. 
Owing to their great carrying powTr the spores were very widely 
disseminatedp giving the forests a very uniform character the world 
over. 

During the Misaissippianp sharks were the dominant flshea in 
the seas and oceans. They were of many kinds but consisted prin* 
cipally of the more nneieot shell-feeding types which were subse¬ 
quently almost wholly blotted out. The Pennsylvanian with its 
widespread coal swamps formed an admirable habitat for the de^ 
velopment of land animals, spiders, scorpsons^ centipedes, ancient 
insectS] and snaLb among the Invertebrates, and amphibians among 
the vertebrates. Probably before the close of this period true rep¬ 
tiles, such as had abandoned the ancestral gilbbreathing even in 
the adolescent condition, appeared. Of this there is dii^t evi¬ 
dence, and in addition the deployment of reptiles in the Permian 
imphes their existence during the preceding period. 

In Permian time the flora underwent a change^ hai^her condi¬ 
tions, following the warm moist climate of the Fennsylvumian, 
cither dstroyed the old cosmopolitan plant life or impelled its 
evolution into hardier sorts of vegetation. A new flora then arose, 
especially in the southern hemisphere where the change began, 
because the ice age was here most dominant in middie Permian 
time and spread thence throughout the world. This flora, consbt^ 
ing mainly of modern. femSp conifers, ginkgoeSj and eycads, became 
the dominant vegetation throughout the Mesozoic until supplanted 
by the modem flora in Cretaceous time. Due to the atress of cli¬ 
mate the insects developed those wonderful larval adaptations, 
seen in the metamorphosis of Hvmg insects, that enable them to 
live through the winter in the resting or pupa! oonditiou (see Chap¬ 
ter XXVII). 

The passing of the PaleoBoic, which was marked by the eulrmuar 
tiou of the Appalachian Revolution, also saw the extinction of 
many forms of ancient life, especially among plants and inverte¬ 
brates. Of the latter, those which survived have altered little in 
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the afics ishjch have einw elapsed, while the vertebrates, especially 
the reptiles, birds, and mammals, have undergone practically their 
entire evolution, 

MesQzoic 

Triassic and Jurassic.—The Mesozoic era or Age of Reptiles is 
justly so caUed, for although all five classes of vertebrates (fishes, 
amphibians, reptiles, birds, mammals] were probably present 
throughout its entire length, the reptiles were the dominant forms 
of life. During the Triaasic there were many kinds, some partially 
or wholly aquatic, others terrestriah The Jurassic saw great nura- 
bers of reptiles inliabiting the land, the air, and the sea, and 
toward its close an immensity of size on the part of some of them 
which has never been equalled before or since among either ter-* 
lestrial or semi-aquatic forms. The Jurassic also records the firrt 
fijdng reptiles and reptile-like birds, although the degree of their 
development a gpin implies their existence during the Trias. 

Cretaceous—The Lower Cretaceous witnessed the rise of 
Boworing plants and the extinction of the mptil^B of huge bulk, 
such mighty forms being as a race usually short-liv^, geologically 
speaking. The Upper Cretaceous saw the modernizing of the flora 
SO that the forest plants would now wear a familiar aspect, although 
in unfamiliar combinations. The land reptiles soon reached the 
height of their specialization and while not as huge as those which 
had gone before, exceeded them in grotesqueness and bizarre ap¬ 
pearance, Toward the close of the Cretaceous more conservative 
forms again prevailed. Mammals were numerous though still 
small and unspccialized, while the birds were essentially modem 
except that in all known examples they still retained the teeth 
characteristic of their reptilian ancesttors. 

With the close of the Mesozoic, which was marked again by 
great crustal changes, the so-called Laramide Revolution, came the 
eertinction of the dominant reptilian types on land and sea, thus 
preparing the way for the evolution of the warm-blooded mammals, 
which were to be the ruling dj-nasty of the Cenozoic as the rep¬ 
tiles had been the overlords of creation during Mesozoic times. 

Cenotow 

During the Cenozoic era or the Age of Mammals, the vegetat ion 
was of modern cast and life coiidi lions in the main were similar 
to those of to-day, although there is much evidence of a gradual 
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elevation of nearly all landa^ with a consequent increase in aridity 
and diminution of moisture-loving vegetation. This meant the 
great spread of grasses and a necessary adaptation to grazing 
habits on the part of sauch tnaminals as ii^uld do sO| and the weed¬ 
ing out or extinction of such as could not. The widespread mead¬ 
ows also gave insect and bird life a more diversified habitat and 
therefore an evolutionary impetus, 

Paleocene,—The foimationa lying betw^een the undoubted Cre^ 
taceous and Eocene^ whose true age has been debated^ are called 
Paleoecnc, These include in the Great Plains region of the United 
States the formations known aa the Fort Uniout Pucrco, and Tor- 
rejoD, altogether some LOOO to 2,000 feet of strata. The dinosaurs 
vrcTc apparently extinct and had been replaced by the archaic 
mammals below'). 

Eocene,—The Eocene period immediately followed the extinc¬ 
tion of the great reptiles. Then nature began afresh to people the 
w^orld with terrestrial animals^ this time of the w^ann-blooded 
funy mammalian stock whicli had so long been held in check, for 
though they had existed during the Age of Reptiles their evolu¬ 
tional progress was seemingly at a standstill. The first deploy¬ 
ment of maminals gave rise to creatures w^hith seiw ed fpjrly well 
but were hmii^ed in their potential mentality* among other de¬ 
fects, and from Eocene times an increasing value h;vs been placed 
upon mental progress in tlie struggle for existence. These archaic 
mammah, as they have been called, underwent a bri^f career and 
were gradually replaced by the modernized forms whose brain 
power was capable of vastly greater development. By the close 
of the Eocene, the replacement was practically complete and but 
few survivors of the ancient mammals are extant, 

Oligocene, Mioconej Pliocene.—During the Oligocene came the 
increasing aridity of climate which culminated in the Miocene, and 
with it the gradual elnnination of browsing and the development 
of grazing The Miocene the time of mammalian cuU 

mination, of Iwth numbers and kinds. The Pliocene, with its 
increasingly hard eondiMons, prophetic of the glacial age^ the for- 
marion of new land-bridgea and the severance of others, was a 
period of great unrest. Many migrations occurred the world over* 
new competitions arose, and the weaker stocks began to show the 
effects of the strenuous life. One momentous event seems to have 
occurred in the Pliocene, and that was the tmnsformation of the 
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pTecursor of hucaaiiity into man—the culmination of the highest 
line of evolution I 

Pleistocene.—The Pleistocene was the final period of the Ceno- 
zoici when^ owing to continued elevation of the great continents^ 
the Age of Ice was ushered im with its long periods of devastating 
cold^ separated by warmer interglacial times when conditions w*ere 
leas severe and the great ice sheets retreated into their northern 
fastnesses. The Pleistocene was a time of wholesale extinctionsj 
when m any races of animals were blotted out, but mankiodt l>e" 
cause of hb superior mental attributes^ was able to survive and 
rapidly took his place as the dominant form of hfe. 

Psycho2<tic 

With the final retreat of the ice, the Psychozoic era or Age of 
Man began, with the greater perfection of man's mentality and the 
assertion of hiB dominion over the fish of the sea^ and over the 
fowl of the aicj and over the cattle, and over aU the earth, and 
over every creeping thing that creepeth upon the earth,^’ and the 
rise of world civilijsations until their purging ia the holocaust of 
the worldb greatest war I 
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CHAPTER VI 

VARIATION AND MUTATION 

All aod most other infonned men are now convinced 

of the truth of evolution, both inorganic and organic: that out of 
simple beginciingSi when in the course of ages the earth tvaa fit for 
organic habitation, life began, and by a continual unfolding process 
there have come not only all of the mar\'ellously adapted forms of 
animal and plant life whicli we see to-day, but those wiiich Paleon¬ 
tology reveals to us and such as we know existed but of which no 
discoverable relics remain^ 

For our purpose, then, the fad of evolution is taken ob initia, 
without argument, together with the OHSumption that all organisms 
which do ejQst or have existed are blood-related, though the degree 
of relationship varies from the nearest to one inconceivably re¬ 
mote. But while the fact of evolution may be accepted as true, the 
ways and means whereby it has been brought about are not so 
evident and have given rise to endless argument and discussion. 
These are the fadara of evolution; what they are, by whom adv^ 
cated, the arguments offered for their acceptance, and their 
plausibility are the chief subjeota of our present study. 

SciiMARv OF Factors 

To summarise the various factors which have been proposed, 
the list is briefiy presented here; the aj^uments wdll 1» ^ven later. 

Variafion is the fimt and most fundamental evolutionaiy factor, 
in fact , the causes of variation are among the prime causes of evolu-> 
tion itself. Variation, t-he fact that no tivo organisms or parts of 
oiganisms are precisely alike, no matter how closely related, is a 
commonly observed phenomenon, and admits of no argument 
whatsoever, as it is an established truth which any one, within 
the limits of his opportunities, may demonstrate for himrelf. It 
is the progressive factor in evolution, for without variation nc 
change could occur and evolution would be impossible. 

Heredity.—^Thc second fundaniental factor is heredity, the 
conservative factor in evolution, that which, when variation has 
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given rise to a new character, causes it to pejfsist. Evolution is the 
change produced in a rewc of organisms^ the mere vamtiop of the 
no matter how profound or how beneficial it may be* is 
not ovolutiomd until It can be handed On to the offspringp and thb 
La the function of heredity, Heredityp therefore, Is ns essential a 
basic factor as variation itself, and is just- as full 3 - est-ablishcd a 
fact; butp like variation,. theTe are points concerning itp especially 
as to the means whereby a variation becomes heritable^ which are 
still among the unsolved problems of our science. 

Segregatioa.—x4notlier e^ntial basic factor Is isolation or segre¬ 
gation, the physical or biotic Imrricr which prohibits promiscuous 
interbreeding. Fonns with similar variational tendencies should 
interbreed to perpetuate them, anil di^imilar forms should not, 
otherwise the new variations would be swamped and unless they 
were of dominant character would straightway disappear. Isola¬ 
tion, while not of such fumlamental importance as variation or 
heredity, nevertlieless stands forth as an extremely necessary 
adjunct to the evolutionary'- process. 

The first means whereby segregation is accomplished b phy^tcal^ 
as in the instance disciL»9ed under geographic distribution—the 
Galapagos tortoises (page 42)—or the land snails of Tahiti and 
Haw^aii. A second form of isolation Is biotic^ either physiologic, 
where, due to actual structural diffcrenci^, mating either a 
physical Impossibility or the germinal elements fail to combine, 
or if they do the resultant offspring either does not develop or h 
in itself sterile and cannot procreat-c; or the Impedhncnt may be a 
psychologic one. This seems to be largely a matter of injstinct and 
is of undoubted iinportanoe in naturep as it Is mth humanity. It 
may be largely nespomble for the purity of such racejj as the 
Hebrews, although even under the best of conditions it is not 
universally effective. 

These fundamental factory are admitted by all, but there arc 
other causaJ factors advocated originally by Charles Darwin which 
may or may not be true, as all students of evolution do not accept 
them. They arc as. follows. 

Natural selection is the great Darwinian factor, and is to-day 
held by certain w^ritei^f, notably those of the so-called Neo-Dar¬ 
winian school, of which the German sav'ant August Weismann was 
the leader, to be almost the only factor to be considered. Natural 
selection determines what variational lints shall persist and what 
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shall be elUninated, and, according to the Neo-Darwinian school, 
acta upon atnall uncontrolled variations, occurring in any con- 
ceivahlo direction of change- Nature either weeds out those forms 
in a race whose variations are out of hanuony with environniental 
needs, allowing the others to survive and buid down their adaptive 
changes to offspring, or it selects the fitter to survive, or it may 
Use a combination of the two. 

Saltation.—^Not all authorities, however, accept natural selec¬ 
tion p-s an important factor, for the School of Saltationists, headed 
by the celebrated Duteli botanist, Hugo de Vries, l)clieve tliat new 
s]>ecies arise by sudden, marked changes appcaHiig in the offspring 
of normal parents. These large changes or variations were called 
mutations (Lat, muiore, to change) {De Vries) or saltations (Lat. 
aaftarr, to leap). SaltationistB bciieve that natural sclecrion there¬ 
fore has nothing to do with species-fonning, but only in a general 
w'ay with descent control, that is, keeping the guccesave gencrar 
tioQS of a species true to ty pe when once it has been formed. 

Still a third, the Compromise School, believes that natural selec¬ 
tion is important botli in speeics-foniiing and descent control, but 
is not the “Allmacht" wdiich the Neo-Dam iiuans would have ua 
believe. They recogniae the eidstcnce of various other factors 
working aimultaneously with selection to effect the evolutionary 
change. 

SPTiial Selection.— Still another Darwinian factor is sexual 
selection, the ineana whereby Darwin sought to explain the exists 
cnce of what are known as the secondary sexual charaeteristics 
among As we shall see, this is the most doubtful factor 

of all of those advocated by Darwin and has little acceptance to¬ 
day (see page 139). 

VAJtlJlTIOJf 

The basic prerequisite to evolution is undoubtedly variation, 
which together with heredity may be regarded as an undeniable 
fact. Therefore, as has been said, the cause of variation must be 
a contributorv cause of evolution itself. Rut not all variations 
are alike, and only certain ones, apparently, are heritable, hence 
it is necessary to understand quite clearly what sorts of > ariations 
exist, since those that can not be inherited can have no part in the 
evolution of a species, as they concern only the individual and not 
the race. 
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Sorts of Varialions 

Variations may be grouped into three pairs of contrasting sorts— 
germinal or acquired, contmuous or diseontiimous, determinate 
or mdeterminate—six in all, A given variation belongs in each of 
the three groups but must be cither one or the other of the con¬ 
tracting sorts within the group, as they are mutually exclusive. 
The first group La based upon the nature or cause of occurrence. 
It includes: 

(1) Germinal variations are intrinsic,—such as arise in the 
germ-plasm itself due either to Tecombinations, which owe their 
origin to new groupings of the germinal factors or genes; or 
to mutaluitvi which result from relatively radical alterations in the 
gene complex. Changes due either to recombinations or to muta¬ 
tions are of course manifest only in the animal or plant body, the 
soma, and do not depend on external conditions for their origin. 
Such conditions may impede or arrest their development but 
cannot cause them. Often these mutations cannot appear until 
later in life, as, for example variations in adult size and propor¬ 
tions, They may appear at any period from the beginning of 
embryonic life to the death of the organism. 

{2) Acquired or somatic variations or modifications, which are 
imposed upon the organ!.™ during its Uretime and are due to 
eitrinmo inEuenee. Under which of these two heads a variation 
should fall is often almost unpossible to decide except by experi¬ 
mental work, and sometimes not then, but the difference is of 
fundamental importance, for germinal variations only can be 
inherited by the offspring. 

Examples of germinal variation are the occasional occurrence 
of supemumerBiy di^ts in man, the domestic cat, the horse, and 
other forms, for they can not be due to accident or to any external 
influence and are occa.-iionalJy inherited through several genera¬ 
tions, On the other hand, the loss of a digit in’ man through too 
close proximity to a circular saw would certainly be an acquired 
characteristic and long series of experiments have proved concilia 
fflvdy that such variations are without the pale of heredity. 

Another example which occurs normally in nature would be the 
hive bees {ApU melUfifa), in which the sex distinction betawn the 
workers and queens is an acquired variation, while that between 
drone and queen or worker U germinal. The queen is impregnated 
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but once, the male elements being stored in the seminal receptacle, 
and used one at a time for the subsequent fert ilization of the eg^. 
The workers build two sizes of cells ia the brood combs, in the 
larger of which the queen lays an unimpregnated egg, while that 
laid in the smaller cell is fertilized at the time of laying, from the 
unfertilized egg there arises, invariably, a drone or male while 
the fertilized egg produces a potential feniaie. Hence the difference 
between male and female bee, depending as it does upon impregna^ 
tion or not, is germiiiaL The ultimate fate of the impregnated 
agg ia subject to the control of the workers, for while the vast 
majority of the eggs remain within the smaU worker-wlls and, 
being fed upon a meager and comparatively innutntious diet, 
develop into workem-the s^caUed neuters, which are m reality 
undeveloped femalea-a select few have their cells enlarged at 
*^he expense of the surrounding ones and are fed upon highly 
nutritious “royal pabulum” and ultimately develop into mature 
females or queens. It is said that even after throe days of larval 
life the humble worker, like the beggar maid of King Cophetua, 
may become a queen. Thus this variation, being imposed upon 
the animal during life, is an acquired one. 

Indeterminate and Detenninate.—Variations may be fmther 
classified according to direction of occurrence, as (3) indeterminate, 
those fortuitous variations which are not subject to any law but 
oociir in any conceivable direction of change; or (1) determinate, 
controlled by some unknown influence and confined to certain 
definite lines or directions of change, usually m an adaptive direc¬ 
tion. Of the first of these two contrasting types there is no doubt, 
and they are the variations upon which the Darwinian factor of 
naturarselection is supposed to operate. Illustrations are legion, 
as the comparison of any group of related organisms will show a 
variation of size which embrat^s every dimension of space and 
eombination thereof. 

Of determinate variations we are not so sure; some claim that 
they have no real e.'dstenco, that there is no such tendency to vary 
always in a given direction in successive generations, while others 
consider these variations, which they call orthogenetic (Gr, 6p66s, 
straight, and generation), the important ones m evolution. 

What is apparently an example of determinate variations is that 
given by Kellogg, who described in 1906 the gradual but obvioiM 
change from one dominant type of color-pattern to another in the 
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leaf-eating beetle DiabroHm soror. It is apparently proved that 
such change U not explicable on a basis of intra-specific select ion, 
nor can it be interpreted as a direct ontogenetic (pertaining to 
the individual) reaction In each succeeding generation to changing 
climatic conditions. It is believed to be an example of definitive 
orthogenetic variation. 

Many paleontologists think they see repeated instances of 
orthogenetic variation^ since they are, as a rule, so deeply im- 
pressed by the adaptive nature of the evolutionary process and 

the definitiveness of its direction, tliat 
they cannot believe the restraining or 
selective action of the environment is 
enough to keep the breed true; for ex¬ 
ample, the sure way in which the 
011^3 of the teeth in ungulate animals 
appear in the course of time, m that 
one can predict the ultimate tooth 
pattern at the end of an evolutionary 
series with fair assurance. The rhino¬ 
ceroses^ on the one hand* and the 
totally unrelat*d coney, Ilymr^ on 
the other^ have teeth so similar that 
Roosevelt calls attention to the fact 
in his Afrimn Ga7ne Tmih (see Fig, S))* 
This is au in4iitance of romergenc€f 
which is often the result of w liat is ap¬ 
parently orthogenetic A'ariatioo. The 
overgrown antlers of the Irish deer or 
the tusks of the Jefferson mammoth 
(see Chapters XII and XXX\^ which in each instance seem to 
be so far beyond the point to which natural selection w'ould 
carry them, may be consadened as further instances of this form of 
variation. 

Continuous and Discontiauous.—Variations may a1^ he classed 
according to difference of degree, as (S) continuous, that is, small, 
abundant, and occurring in graded scries. These, if also fortuito\is, 
are the so-called Dan^inian variations or lluctuatioiiB, to be acted 
upon by natural selection. They are genemtly quantitative rather 
than numerical variattons, and the increment of cliange between 
ijiicccssive gcncrationfl is extremely shffhL 
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Id contrast to the continuous are the (6) discontinuous varia¬ 
tions, v^hich are meetly large and rare. They are also known as 
sporie or saltations (see page 90), although the distinction between 
them and the continuous is only one of degree, as the two sorts 

merge Into each other. + . j r 

The great mass of variatioas come under the head of oontmuous, 
the discontmuoua ones being relatively rare, although many such 
have been recorded, aa for escample the numerous inatancca of 
variation from the standard number of digits in vertebrates. In 
mank'md, aixp seven, or even eight fingers to the hand have been 
observed fsee Fig. 10). while the doubling of the foot haa brought 
the number of toea as high aa nine on a side. Cattle and horses 
sometimes show imiltiple 
digits and, on the other 
band, pigs with the two 
median toea united into 
one perfectly formed digits 
the so-called p $olid-hoofed 
pig 3 , occaBionally occur, 
gheep aometijnes show 
four horns instead of two^ 
but the pecddiarity is that 

instead of having one pair /nr. ^ ^ 

bebind the other as in the nonnal four-homed antelope (retrocc- 
™a the horns always stand m a single transverse 

eeriffl across the skulk One family ef on an isolated farm 
near Bo«n has four horns which have been inherited for many 

generatioti3 (Bateson). i 

ill of these are instenoes of meristic (Gr. part) or number 

variations and are likdy to occur wherever any structure is r^ 
peated in numerical series: in the number of segm^te of wonns 
^ arthropods, or in the vertebral column, «bs, and muscles, and 
in the number of appendages. Ruduilly symmetrical forms such as 
sea-ancmoncs and starfish also exhibit menstic vacation and it 
frequently oecure among plants, especially in the flowers or leaves, 

aa in the fonr-le-af clover. f 

other instauow of discontinuous variations are not of thm 
numerical sort but are mutations of color, form, and aze. Such 
for example, are the famous new saltations of Lamarcks evening 
primrose (fflualAc™ kimorririanu), which breed true and gave rise 
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to De Vriea^s theoiy of the ori^ of new $pedes by brusque 
fialtationss Some of these vary from the originai m one b 
a smooth-leafed foitn with a more beautiful foIiagCy and so on. 
Another example is that of the short-legged ram which suddenly 
appeared in Massachusetts in the year 1791. This mm proved to 
be a potent ^re, capable of handing on his peculiarity to hLs prog- 
eny^ and thus was the founder of a breed of so-called Aneon sheep 
whose principal virtue was their inability to jump fences due to the 
bre^dty of their Umbs; with the mtroduetioEi of the more desirable 
merinos^ breeders allowed the Ancon sheep to disappear. 

Causes of Varwlions 

The causes of acquired variations are apparent^ for every modi¬ 
fication which the organism undergoes in its lifetime in response 
to any external condition w'hatsoever comes under this head. The 
influence of abundance or scarcity of food in giving the animal a 
greater stature or one less great than that of its brethren, the in¬ 
fluence of heat, coldj omnipresent enemies, or even the absence 
of exacting conditions! all the!Se make themselves felt upon the in¬ 
dividual in greater or less degree, but, as has boon emphasis, 
this individual adaptation, however ini^tiestlng it may be, ig tioI 
evolution. Therefore in our inquiry into the subordinate factors 
of evolution^ it is not the cause of acquired, but of gmtdmt varia¬ 
tions with which we are concerned. 

Catiaes of Germinal Variations.—As these variationg are highly 
important raw material of evolution, it is at once apparent that 
the cause or causes which produce them are of fundamental impor¬ 
tance as prime movers of the whole process. Our ignorance of 
these causes is profound, nevertheless the following ideas cou- 
ceming them are worthy of record. 

Fir&l^ the irdierent tendency to vary:. Thb does not, however, 
st^te a cause but merely a fact and really bep the question. The 
reveiMc of the statement—the almost absolute impossibility of tw^o 
organisms being alike—is perhapg the better w^ay to express it. 
When one thinks of the man.'ellous complexity of protoplasm 
consisting as it may of sixteen or more elements with the atoms 
numbering thousands, held in an atomic structure so complex that 
the chemist cannot expre^ it graphically, as he can simpler com¬ 
pounds such as water, he secs how^ remote ig the possibility of any 
two particles of protoplasm being preebely alike. Furthermore 
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the orgdJusut, no matter how aimple, is made up of countlesa 
molecules, and these are in a continual state of chemical change 
due to energy traffic. How then can one possibly ejcpect ooinci- 
dence of detail in any two organisms, no matter how close their 
relationship? The amazing thing is not that they differ, but 
that they are so much alikel 

StctHid, dual or biparental parentage famphimuds) has been 
given B£ a principal cause of variation. I hat which is actually 
handed on to the nest generation is the germ-plasm {see Heredity, 
p. 95) derived in part from each pareiit. This in itself is a 
highly complex material, consisting of chromosomes which, in man 
for instance, ninnbcr 48. During the process of maturation of the 
germ cells, ova and spermatozoa, the number is reduced to 24. 
These arc combined in the process of fertilization so that the 
number of chromosomes in the initial cell of the embryo is once 
more 48. The process may be likened to two miniature packs of 
cards, each of which is elaborately sbuffied, one-half the cards 
rejected, and the remaining halves combined into a new pack. This 
^ves rise to an enormous number of possible rc^rombinationa. 
If the packs contain 48 cards, instead of the normal 52, to corre¬ 
spond with the human chromosomes, the number of possible per¬ 
mutations will be 10,777,216, and for the average germ capacity 
during the sexual life of a pair of parents the total number of 
different cornbinations of fertilizable ova would be dOO,000,000,- 
000,000 (Dorsey from Thomson), No wonder the children of a 
family differ! 

Third, actual observation shows that variation also occurs 
where there is but one parent, as in the Protosoa, where offspring 
are produced by the division of the mother cell into two daughter 
cells. Also in higher animals where the offspring come from a 
virgin mother without the intervention of the male (partheno¬ 
genesis), as in many insects^—beea, plant lice, and the likei but 
here a gain there is the same process of halving the pack v^ith the 
maturation of the ovum, giving opportunity, although not math¬ 
ematically so great, for re-combinations In the offspring. In the 
protozoan Paramecium, Woodruff has observed a periodical re^ 
oiganization of the nuclear apparatus (endombeis), which in some 
way seems to rejuvenate the race. Here again there may be an 
opportunity for new chromosome combi nations to emerge. 

The second and third might account for germinal variations 
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whjcb are tbe result of re^^nbi nations of aneestml characters 
api^g m the offspring, but there are also the mutations 
are due to fundamental changes in the germinal constitutiou 
1 ^. To account for these our &st statement might apply in 

.4nother idea is that, in spite of the insulation of germ-plasm 
from extrinsic influence, nevertheless some of the more deeply 
satufnting results of the ever varj-ing en^nronment may act di- 
mtly on vt and so bring about heritable change. This has bceu 
definitely shoT^m by X-raying the germ-plaam 

A new Hne of research, which is yet far from complete, is the 
study of the endocrine or ductless glands, which are already known 
to have a profound influence upon individuaJ development, both 
mental and phj-sical, including that of the secondan, sex char¬ 
acters. Th<^ fluids do not form accretions in the sense that the 
^ digestive glands do, but are connected only by 

the blood stre^, mte which are poured under proper stimulus the 
hormones or chemical meseagers which they manufacture These 
hormones ^ picked out of the blood stream by the appropriate 
organs and upon them exert a powerful influence. They pass 
through the reproductive glands as readily as elsewhere, and it is 
reasonable to suppose that certain of these hormones may react 
upon the germ cells as well as upon the body cells, This may prove 

to a mcr^arn^ thereby external influence is exerted on the 
most intunate parts of the organism. 
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CHAPTER Vir 
HEREDITY 

With heredity ogtdn, as vTith variation, we are dealing with a 
fact; the laws of heredity and whether or not certain charaetere 
are heritable, however, are subjects for debate. Heredity ia 
defined by the Centoiy Dictionary as the principle or fact of in¬ 
heritance, or the handing down of physical and mental cliaracteriSr 
tics from parent to offspring, regarded as the conservative factor 
in evolution, opposing the tendency to variation under conditions 
of environment. Heredity may also be defined aa the rule of per¬ 
sistence among organisms, each organism being likely to resemble 
its parents; and as "the organic relation between successive genera^ 
tions which secures persistence of characteriBtics and yet allows 
new ones to emerge’* (Thomson). 

By some writers heredity is considered the force which compels 
the resemblance; by othere the process whereby the offspring comes 
to resemble its immediate ancrestry. Of eoume, while partaking of 
the nature of cnch parent to a certain extent, the organism through 
them partakes also of the nature of its grandparents and so on 

back in ever dimhiishing degree. 

The problem of inheritance, especially the means by which it is 
brought about, is one of the most interreting in Biolog>'. Fonnerly 
the fact of inlieritanee was considered self-sufficient; now inquiry 
into the meclianism of heredity has thrown much light upon the 
problem of evolution itself, 

Physicax Basis of Hekeditt 

The mechanism of heredity has been investigated by a great 
number of workers, some of whose results follow. 

Encasement Theory.—One of the older, but now abandoned, 
ideas was set forth in the preformation or encasement theory, 
which supposed that the germs of all future generations were en¬ 
cased one within the other like Chinese boxes, in the progenitor 
of the race and were successively developed into perfect individuals 
with each arising generation. Thus Mother Eve, taken as the 


94 


ORGANIC EVOLUTION 


anc^tre$H of all mankiad^ was estijiiated to contain no fewer than 
two hundred million homuucuUi an asaiiinption that spoke well 
for the imagination of the older writers, 

Darwin^s Pangenesis Theory.—DarA-m rea1i;scd that his doc¬ 
trine of natural selection lacked completion if he merely accepted 
the fact of heredity at its face value without trying to learn in 
what way mental or ph^'sical traits or new variations got into the 
egg or sperm and thus were borne on to the next generation. He 
therefore devised the theory of pangenesis (Gr, was, all^ and 
generation), aceoniing to which every cell of every tissue 
and organ of the entire body produces minute particles called gem- 
mules, which in each instance partake of the nature of the celb 
producing them. These gemmules may circulate throughout the 
entire organism but finally congregate in the reproductive prod¬ 
ucts or m budSj so that each germ cell or each bud (asexual) 
capable of gitiog rise to a new indhidual would be in a sense a 
miniature replica of the parents' body and would thus be capable 
of developing into the same kind of a body even in minute detail. 
Darwin thought that sometimes cert^n of the gemmules might 
lie dormant for several gcnenitions and then develop, bringing out 
in an individual its ancestral (atavistic) traits. If this theory of 
gemmules were true, it would lead to the acceptance of the teach¬ 
ing of Lamarck or even of Buffon^ because under such cirtum- 
stances the inheritance of acquired characters gained by the parent 
during its lifetime would be entirely feasible, for such modification 
could be inipresscd upon the germ cell as readily as could the 
variations which we call germinal. 

Later research, how'everj proved that such a theory has no bask 
in fact and biologists soon b^n to search for a substance which 
could be a physical basis for heredity just as the protoplasm which 
makes up the bulk of all organisn^ is the physical basis of life^ and 
while several biologists were convinced that there was such a 
substance, it remained for August Weisraaim, for neariy fifty 
years professor in the Univei^ity of Freiburg, to identify and dem¬ 
onstrate ita exjijtence. 

Weismannk Gena-PUsm Theory.—Weismann^s germ-plasm 
theory was publishaJ in 1S92 in a volnmc called Dws Keimph^ia 
wherein he brought together the accumulated observations of the 
ninneroiia contemiwraiy' students of cell biology and utilized them 
for the development of his somewhat speculative theories, Thig 
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volume Crampton ealla Immortal foundation for all later 
work on inheritance.” The easantial priociplfjii of the germ-plasm 
theory are as foUows (see also Fig. 11), 

Weismaim divided all the substance of an organism into two 
parts, the germ-plasm and somatoplasm (Gr* body, and 

irXdo'pa, anything formed or 
moulded)^ the former, the proto¬ 
plasm of the germ cells^ being 
the actual vehicle of heredity, 
while the latter, which consti¬ 
tutes the remainder of the plant 
or animal body, was not. In re¬ 
production a portion of germ- 
plasm is derived from each par¬ 
ent, the paternal sperm and 
maternal ovum, as the case may 
l>e, each of which has an equiva¬ 
lent share in the inheritance. 

These combine to form the fer- 
tiU^ed egg. When the egg divides 

in the firat or subs«|neiit cleav- 

* omtmuity of the gierm-EJiiusin. iLa.ch 

ages each daughter cell reK;i vea trimiEle reppeaentjs an indmduAl made 
an equal sliare of germ-plasm, iipaffserrii-pbiscifdotfediund scaiato- 

and this holds true for all cells (undotted). Th^ hewnnins of 
_ j 1 * L j the Sifp cycle of each individual la 

which go to form the adult body, ^gpreaented at th^ appa of the triacgle 
None of the somatic cells, how- in which and soumtoplaam 

ever, has anv share in subse- As ihe iqdividiial 

* ^ duvelopflr of llicsc coEuponent 

parts iiicreofics^ In esesual reppwJuction 
the ^irn-plaamit of Iwo tndlv'idLtaL& 
unite iedo a cominon stream, to which 
the somatopiaam miikijB no oontribu^ 
lionr The continuity of the germ- 
ploarn is ahown by thfj hL^avy brek^n 
IiBC into which run cioElatcnil contribu- 
tiona fracn Buccesav-ic sexuoJ reproduc- 
pgns, (After Walter.) 



quent generations but only the 
gemi cells w'hich are derived 
directly from the original egg. It 
follows, therefore, that there is 
a continuous stream of germ- 
plasm from generation to gen- 
eratu>n, to which the somatic 
cells, which are sister products 
from the original egg, eontribute nothing. Hence only those 
mutationa which are gcnninal in their origin can possibly ho 
banded down, and, as the hereditary stream of germ-plasm is 
already set apart teforc the adult body' is in use, one cannot see 
how any modifications impressed upon the latter through use or 
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dianae, or extrinsic adaptations to tbe cnvLronnaent, can possibly 
became a part of tbe organism’s heritage. 

In certain of the Protozoa not only is the gerra-pla-sm han ded 
down, but the entire body of the organism may be divided between 
the offspring. Yet other Protoaoa, which reproduce by budding, 
give up only a portion of their nucleus and cytoplasm to their 
children, and the same thing is true of all organisms which re^ 
produce ascxually. 

On the other hand there are plants and a nim aLs, the hob-houae 
Bigonia and the earthworm for example, in which purely 
cells have the power to regenerate a complete organism, including 
reproductive organs and germ-plasm. In the earthworm the repro¬ 
ductive organa reside in the anterior segments and yet, no fn nt tf r 
w'here the worm is cut asunder, if enough of the tail remains, it 
will reproduce the entire organism, including the reproductive 
bodies, with all of its specific hereditary details. This show's that 
'*we must postulate at least a potential supply of the germ re¬ 
siding in the somatic tissue which can mate good the definitive 
germ cells when they arc lost. ... It is a fact that there is a 
continuity of germ-plasm, whether the germ cells are set aside early 
in individual development, or later by the transformation of rela¬ 
tively undifferentiated typical somatic cells: this is really the crux 
of the question" (Woodruff). True freedom from all outside io- 
fluence in these circumstances would be little short of marv'eUous 
and yet that is what we are led to believe, 

Latent and Potent Qualities.—The sum of the inheritance of 
any organism contains many qualities not all of which are ex¬ 
ternally manifest in the indivndual. This is especially true of two 
contrasting qualities which are mutually exclusiv’e; for instance, 
a child, one of whose parenta is tall and the other short, may have 
an ultimate stature w^hich is in a sense a compromise between the 
two, or on the other hand he may be tall and yet nev'crtheless have 
the power of transmitting to his offspring the short stature which 
he inherited along with his tallness, but which was latent within 
him. The qualities which are manifest are therefore potent or 
dmunaia, while the invisible ones are latent or nicessive. The 
latter may be none the less real in heredity. A more remarkable 
instance is found in the drone bee once more, which, os we have 
seen, comes from an unfertilized egg and therefore has no father 
but only a mother. Nevertheless all hia qualities of malcncss, his 
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reprcHluctlve organs, size, and any other characteristis whataoever 
which distinguish him from the female, including his inbom aver^ 
flion to labor, are inherited through his mother, the queen-beo. She 
therefore had these qualities present in every one of the ge™ eelb 
w^hich she inherited from her father; but thMegemi cells which are 
fertilized, in other words^ those whieh have the male qualities 
latent and the female dominant, receive the stimulus which brings 
this about from the male. Therefore if the bee has no father^ 
it exhibits fatherly qualities; if it has a father, it does not. 

Atavism.—This leads us to the problem of atavism (Lat. 
an ancestor, from a grandfather) or reversion to ancestrai 
tj-pe. Under ata^^sni have been included what have been called 
three very different thing^s but which seem to be largely differences 
of degree. They are: 

1. Family The transmiaaion, within a family, of in¬ 

dividual characters m latent eondition for several generations and 
their sudden reappearance; for example, red hair in a child, which 
the immediate parents or grandparents do not show', but w'bich was 
in evidence several generations back. 

2. Race {Uaidetn. The more or less regular reappearance in a 
race of characters of another race, from which the first may have 
been derived. Such, for exampICp are the instances of the profuse 
development of hair on the face and body which occasionally 
occurs in manp as in the Russian ''dog man," Adrian Jeftichjew 
(see Fig- 252). 

3. Atatrimi of ieralobgy (Gr. wonder, monster). The 

appearance in a race of abnormal cliamctera w hichj, however, are 
normal in other supposetlly ancestral races. Exemplifying this 
arc the external hind limbs of which a single recorded instance 
occurred in a humpback w hale taken of! \'aneouver. The an¬ 
cestral terrestrial of the whales undoubtedly had these 

structures, w'hich were gradually lost among other adaptations to 
aquatic life (sec Chapter XX). Fistula, or pennauent abnormal 
openings of the neck, which sometimes occur in the human sub“ 
jeetj have been considered oa relics of the ancient gili-clefta of our 
piscine ancestry (see Chapter XXXIX). 

In summation it may be said that “leas marked cases set down 
to atavism may be instances merely of nonnal regression. Many 
cases of more abnormal structure^ which are really due to abnormal 
embryonic or post-embrj'^onie development, are set dow'n to atavism, 
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as, for instance, the cemeal fiatuhe [mentioned aboraj , ^ . H 
is also used to imply the reversion that taikcs place when 
domestic varieties are set free [to interbreed indiacriniinately] and 
when species or varieties are crossed* Ata’v^sm is, in fact^ a mis¬ 
leading name covering a number of veiy difterent phenomena" 
(Bneydopedia Entannica), 

Telegoay (Gr. t7}\Ijovosj bom far aw^ay)*—^There is a very 
widespread feeling among breeders of domestic animals, especially 
of the finer strains^ that the first male bred to a female will Infiueacc 
not only his own offspring but subsequent young by another sire. 
Up to the end of last centurj^ Lord Morton's experiments with a 
male quagga and a young chestnut seven-eighths Arabian mare 
were regarded as affording strong evidence of this theory'. The^ 
experiments were repeated as accurately as possible in 1899 by 
J. C. Ewart. The initial one was the impregnation of a mare, 
Mulatto/' by a Burchell'a aebra. The offepring, '^Eomnlus/* 
resembled the richly striped SomaU s?ebra more than hia gire. 
Later “Mulatto" bred to a pure Arab stallion, but while the 
foals showed traces of stripes^ they were decidedly less suggestive 
of zebras than vrere pura^bred foals of a near relative of ‘^Mulatto" 
which had never seen a rebra. Ewart coogiders the evidence iu- 
conclusivet and believe$ that the apparent instances are due to 
other factors. 

It is evident that what is called telegony docs not actually exist. 
In highly bred strains of dogs, for mstancej there are repeated 
occurreDces of reversion to an inferior type which require con¬ 
stant care on the part of the breeder to eliminate^ in order to 
breed only from the better examples. 

Prenatal Influence.—There La a widely held belief that in mam- 
maJa a special additional formative influence is exerted by the 
mother in the period between conception and birth. Maternal 
impression, so-called, does not refer to the results of good or poor 
nutrition, which are discussed belowv but to the development in 
the unborn young of definite anomalies such as birthmarks and the 
like. While bstanocs are numerous, they have never been given 
accurate scientific research and are still open to question; neverthe¬ 
less, many people believe in prenatal influence and the belief is 
very old^ as the first recorded matance known to me is in Genesis 
XXX^ B2-42, dating hack to the time of the patriarch Jacoby 
about 1730 b.c. Jacob was to receive as im share of Laban'g 
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flock® and herds “all the speckled and spotted cattle, and aU the 
brotvn cattle among the sheep, and the spotted and speckled 
among the goats,’’ while Laban was to retain such as were not so 
marked. So Jacob “took him rods of green poplar, and of the 
haKcl and chestnut tree; and pilled white 5t.reak9 in them, and made 
tiie white appear which was in the rods. And he set the rods wliich 
he had pilled before the flocks in the gutters in the watering traugba 
when the flocks came to drink, that they should conceive when 
they came to drink. And the flocks conceived before the rods, and 
brought fortli cattle ringstreaked, speckled and spotted,” Jacob 
was shrewd enough, however, to put the rods before the eyes of 
the stronger cattle, “but when the cattle were feeble, he put them 
not in: so the feebler were Laban’s, and the stronger Jacob's.'* 

Transmission of Parental Conditions.—One thing which must 
be distinguished very clearly from heredity is the transmission of 
characteristics which are not those nonnal to the race but those 
peculiar to the parent, such for instance as the malnutrition of the 
embryo due to the weak or impoverished condition of the mother. 
Heredity hands down qualities of the parents as they should be, 
transmission as they are; the one is concerned with the nature, 
the other with the nurture of the individual. In breeding, the 
potentially best is often better than the actually best, as an old 
race horse sire will produce speedier colts than a young and 
vigorous cart horse. Nevertheless, the feebleness of either par¬ 
ent througli disease or debauchery may produce offspring with so 
heavy a handicap that they arc never able to overcome it and 
cope'with other® of potentially inferior stock, InsuBieient nutri¬ 
tion both before and after birth may partially neutralize the moat 
vigorous inheritance* 

Sex Determinatioa.—The problem of sex determination is an 
interesting one for which many theories have been advanced, 
but the fundamental differences in se?: are not so great as might 
be imagined, as the organs of the one arc often represented as 
rudiments in the other, the dilTerientiation coming about mainly 
through dii-ision of labor between male and female in the produc¬ 
tion and nutrition of offspring. 

The actual determination of sex resides in the germ itself and 
is established at conception; the development of sexual characteris¬ 
tics, on the other hand, may well be due to the influence of certain 
hormones secreted by the endocrine glands- The latter derange- 
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meat Bomctimes givesa rise to sexual aDomaltes, aueh as pseudo- 
hermapliroditiam in higher vertebrates^ even in man. Occasion¬ 
ally there occurs true hermaphroditism (Gr, 'EpjujJs^ HenueSj and 
Aphrodite)I that % a combining of the sexes in one 
inchviduah Among animals this is rare and Is almost invariably 
found in sedentary or Bcmi-sedentaiy types. For example^ the 
European oyster is hermaphrigditic, while its American ally is not. 
BaimclcSf Eiedentaiy Crustacea k are often bisexual, and sometimes 
there may be seen within the body of the hermaphroditic female a 
small, so-called complemental male, evidently in process of elimina¬ 
tion from the race. The snail and earthworm ^ which,, though not 
sedentary; have very Hmited powers of movementp also have the 
sexes combined, while in plants separate sexes are the anomaly^ 
hcmiaphroditiam being the rule* Among invertebrates the pro¬ 
portion of the sexes varies enormously; among vertebrates, on the 
other handt they are generally nicely balanced, in the hive bece, 
as w^e have seen,^ unfertiliaed eggjs invariably produce males^ 
whereas among aphicb parthenogenesis gives riee to females only 
until autumn^ and then to both sexes, while the fertilisation of 
the winter egg, as in the bees, produces females only. Here the 
appearance of male&—and the same i$ true of wasps and many 
other inEfccts—b a harbinger of cold and inclement weather, and 
may sometime be postponed by artiHctaUy continued unifomi 
conditions. For example, the scale insects (Coccidie) found in a 
state of nature normally produce the males toward the end of the 
growing season, and thU is also true of some types resident upon 
hothouse plants (Puhnnaria sp.)^ On the other hand, certain 
hothouse species far from their native habitat have been observed 
for years without the discovery of a single male. 

Homologies and Analogies.—The dikinction between homol¬ 
ogous organs which have the same structure and origin, in other 
wwds, such as are morphological (Gr. form) equivalents, 

and analogous organs which have a similar use or function but 
w'hicli may not be historically identical is often of the utmost im* 
portance. Homologous tirgans imply blood rektionsbip on the part 
of their possessors and are therefore the for dassiheation. 
Analogous organs, on the other hand^ while they necessarily have 
the same function, may liave their origin in very unlike stmetures 
and may be ver>' misleading to the Bystematist Such, for ex¬ 
ample, are the various types of wing whereby at least four different 
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groups of auimals, three x-ertebrate and oue invertebmte, have 
attained true flight. In the vertebrates, the birdsj, bats, and the 
extinct pterodactyls 
have each Independ- 
ently developed a wing, 
but in every case it is 
the modifietl fore limb 
equivalent to the arm 
and hand of maor Hence 
the wings of bat and 
bird and reptiJe are 
both aualogous and 

homologous as they arc ip*ct, shoeing win^t d, 

historically the same or- ^igegtiv^ 8\"gftein; Ar b-cart; Bp nervous ^yatetn; 
gan and also have the ir, t^bcai ej-stetn. (After Packard.) 
same function* The 

wings of the insect ^ however, are not the same structure at alb but 
are modified out-pu&hiogB of the body-wall ivhich have become ex¬ 
panded into thin membranous plates, stiffened with veins and ribfli 



Fio. 13.—Vertebrate Fore limha (horciologous)* N^iurwi, a priraiti^ 
ealfijuiiTider; S, Ichihymiiirm; C. GlMceftholug, a dolphin; D, pterodactyl; E. 
bird; F, bat. (After Wilder.) 


movablyarticulated to the bodyand endowed with muscles to sustain 
their owner in the air. Hence the wing of the insect is analogous to 
those of the bird and bat, but not their homologueat all. (See Fig, 13.) 
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This matter of bamoloj^es may be carried fmiherp for not on]y 
do the fore limbs of forms so remote in habits and habitat as a 
salamander^ ichthyo^uTp bu’d, and whale (see Fig. 13) agree in 
being the homologues of one another as a wliole, but the miiividual 
bones and even the principal muscles of one hmb are homologous 
with those of another. 

Classificationp which, as has been said^ should show true phyletic 
relationship, m based upon the resembknccs and dissimilarities 
of homoloi^us structures. 

Vestigial Organs.—Vestigial organs are such as are not fully 
developed, and are to be contrasted ^vith rudimentary structures 



Jl/(CT yjlanrf ft, Uthp vnirri t, ’ i u \ 

OJWJ Com PubiiBhing Cdj python &r,d other related 


nnakes, KxtemaJlj’ they are mere epurs 


on either side of the vent, internally they arc seen to contain 
several qf the hones} nonnal to a fully formed luiib, ilium, femur, 
tibia, and elaw (see Rg. 14). Embryo whales generally exhibit 
the coat of hair of their ages-vanished forebears, and also as 
KukenthaJ has shown, the relics of hind limbs as well de¬ 
veloped buds. At birth, however, the hair has been shed except 
for a few bristles about the lips and ail external trace of hind 
legs iias gone, there being only a few bones, as in the py¬ 
thon. buried deep within the mass of the creature’s flesh (see 
Chapter XX XIV), 

Mankind, according to Wtederaheira, has no fewer than ISO such 
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relics, ivhich will be discussed somewhat at length in Chapter 
XXXIX. 

Atrophy of Parts.—Atrophy of parts, which results in these 
vestiges, has been variously accounted for, the three or four prin¬ 
cipal theories being as follovi's; 

1. Panmixia (Gr, ira?, all, and ptlir, mixing) or cessation of 
selection, the organ being no longer held up to a high degree of 
efficiency. Organs once useful, from change of en'V'iroiunent or of 
habits are no longer of value, so that natural selection ceases to 
act upon them, and animals bom with the organ somewhat defeo 
tive or in a condition below the average would not necessarily be 
killed off in the intra-specific strife and would therefore be as likely 
to mate and keep on producing offspring as those with the organ 
of average or better than average development. PanmLvia would 
ob^hously lead to a loss of high condition on the part of the organ, 
but how far the latter would degenerate and whether cessation of 
selection would ever cause it entirely to disappear, as the limbs 
of most serpents have, is open to serious question. This leads us 
to the second possibility. 

2, iicrersof o/ sdectuwi. Of this factor there can be little doubt, 
and it may weU work in connection mth panmuda, when a useless 
organ becomes a burden, to complete what the latter has begun. 
This theory postubtes a diangc of condition or habit under which 
an organ previously beneficial may become actually detrimental 
to the animal It differs from cessation of selection, which implies 
that the structure is no longer of selection value, heaw its presence 
or absence b entirely immaterial. Here the absence of the organ 
is to be desired, therefore it is of negative selection-imimrtaDce 
and not merely an indifferent tiling. A very graphic instance 
wherein reversal of selection has been operative is that of the wing- 
less beetles found on certain oceanic isJanda. In Madeira, for 
instance, there are 393 species of insects which are peculiar to 
the island. Of these 1”8 species cannot fly. The latter could not 
have reached the island in their present flightless Etate, so that 
the loss of flight is a local evolution (Scott). The inference is that 
while in a wide environment wings are so distinctly advantageous 
that natural selection would tend to strengthen them toward 
greater and greater perfection, in a small islet they woulil become a 
distinct menace, often causing their unlucky possessors to be 
swept overboard and drowned, and though the laws of chance 
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w'ouJd opemte as usual, nevertheless in the long run the Individ' 
uaL} with the strangest powers of flight wuuld be placed in the 
greatest jeopardy. Hence natuml selection in opposition to ita 
usual results would weed out what in most conditions would be 
the fitter, leaving the less fit to survive and reproduce their kind. 
It is not, therefore, a reversal of the process of natural selection, 
but a reversal of its restiU^ due to diametrically opposed con¬ 
ditions. 

3, hikeriiarux of ths resubs of /unctwaaf disi/ss. This was ap¬ 
parently the simplest and most logical way to account for the 
atrophy of parts in evolution until Weismann's epoch-making 
work cast doubt upon it, for it is a well-known fact that, the 
inditidual, use strengthens an organ while disuse causes it to 
weaken and partially atrophy. Witness the Hindoo fakii^ who 
hope to acquire a state of singular holiness through the mortify¬ 
ing of the liesh. Some of them keep the arms raised permanently 
above the head, with a consequent shriokage of muscle and stiffen¬ 
ing of joint until the limb could uot be used If they would. But as 
Weismann has shown, such modifications ate those of the mortal 
somatoplasm and cannot, apparently, impress themEeJves upon the 
race. How then can this explanation account for the evolutionary 
atrophy of parts, unless there is still some factor of heredity which 
we know not of? 

4. Orthogetteiic mriatione (see page 87), if ftueh exist, may 
account for the atrophy of organs as readily as for their increase, 
and for those who believe in detenninate variation, the coatinued 
tendency to diminution, generation after generation, would suffice. 
If orthogenetic evolution has catiscd the continual strengthening 
and lengthening of the median toe of the ancestral horses, it can 
also account for the reciprocal shortening and weakening of the 
lateral ones until they ul tunately disappear. 

Sumtnanj. Thus cessation of selection might readily account 
for the initial reduction of an organ, but probably only to the 
rondition of fluctuating around a mean, and ivould never cause 
its total atrophy. Reversal of selection under conditions where 
the organ is not only no longer useful but an actual menace would 
be a potent cause for its elimination, inherited effects of disuse 
cannot be proved nor are determinate variations generation after 
generation of unquestionable oceiirrenoe. Consider the way the 
eplint bones of the modem horse vary in evety conceivable direfr 
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tion of chflDge with no very marked tendency toward reduction 
ainoe the Pleistocene- 

CHAiucrrcRS Which Abk Xot Heeitable 

Acquired Modifications,—Long observation has sho™ that 
certain variations among animals are not heritable. These are: 

1. Acquired modificationE due to disease, mutilation, use or 
disuse of parts, and changes due to the direct action of the environ¬ 
ment upon the oiganism, such as the loss of color on the part of 
forms li^'ing in the dark. 

2. Charadws peculiar to sex, which are inherited, not by all, 
but by the appropriate sex. That is, the traits which are mani¬ 
fest, for in the case of the fatherless drone bee it will be remembered 
that as he inherited all of bis traits, masculine and otherwise, 
through his mother, she must have borne all of the male charac¬ 
teristics within her but in latent condition. This is also shown by 
the fact that emasculated males are apt to show feminine traits, as 
with the domestic horse, wherein a gelding and a mare may make 
a very well matched pair, but not as a rule either a gelding and a 
stallion or the latter and a mare. It is not so much the feminine 
characters which the gelding shows as the lack of masculine which 
nevertheless are within the sum of its inheritance. 

3. Certom parentoi dwraeters, apparently not inherited, really 
ba%'c been received but lie in latent condition, to reappear in some 
future generation, as in the ease of atavism. 

pRixciPLES OF Ikhehitance 

Students of heredity have worked out a few definite principles 
of inheritance with which, under certain conditions, organisms 
neem to conform. The most interesting ones are Gallon's laws 
(Francis Galtoo being a cousin of Charles Darwin), and Mendel's 
laws. The first of these, historically speaking are: 

Galton’s Laws.—Gabon's law of anccstraf fnfcmtance w'aa 
based upon two main sources: the study of the carefully kept 
pedigree book of the kennels of the Basset Hounds Club, whose 
records extended over a period of twenty-two years, and a study 
of inheritance in the British peerage, of which very complete 
genealogical records have been kept. Gallon's statement is that 
“any organism of bisexual parentage derives one half of its in¬ 
herited qualities from its parents (one fourth from each parent). 
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one fourth from its grandparents, one eighth from its gieat-grand' 
parents, and so on. These successive fractioms, whose niimeratoiB 
are one and whose denominators are the successive powers of two, 
added together equal one or the total inheritance of the organism, 
thus: 

i+i + ^ + TV +- - - ■ =1" 

This has been shown to be only a general approximation of the 
actual inheritance relations. Another consideration is due to the 
fact that each person has two parents and four grandparents, but 
beyond that the geometric progression may not hold, since even 
in a country like ours which draws its population from the four 
comers of the earth, each of the eight great-grandparents is not 
always a distinct person; for when parents are cousins, this number 
(nay be reduced to six, five, or even four instead of eight. Hence 
the share of each in one's inheritance is proportionately in¬ 
creased. 

The law of repressioa states that the offspring of excep¬ 
tional parents tend to regress toward mediocrity in proportion to 
the of parental exccptionalneaa, or, "On the average any 

deviation of the parents from the racial type is transmitted to the 
progeny in a diminished degree; the deviatioa from the racial 
mean being two-thirds as great as that of the parents" (Wood¬ 
ruff). This probably expresses a general truth, but whether or not 
regression will occur depends upon whether the exceptional 
characteristics of the parent are somatic modifications or actual 
germinal mutations. In the former instance there will be regression 
to a condition normal for the race; in the latter, there will be no re¬ 
gression. 

Mendel’s Laws.—That which we have come to call Meodelism 
was first discovered by an obscure Austrian monk, Gregor Johann 
Mendel, of Brunn, who was bom in 1822 and died in 18^, Mendel 
wrote little but wrote that little with admirable clarity of thought; 
nevertheless it was apparently beyond the underatanding of thij 
"wise men " of his day. Mendei was in advance of his time, and the 
discovery of several biological prindples then unknown, but now 
cl^rly understood, was necessary before a full understanding of 
hut theories could be reached. Long after Mendel’s death, in 1900, 
his laws were independently rediscovered simultaneously by three 
men, De \'rics, Cotrens, and Tschermak, and it speaks highly for 
their chivalry that "honoring the all-bub-forgotten monk, th^r 
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called the new-found laws Meadel’s, rather than their own" 
(Castle). Bateson diacovered the application of the laws to ani- 
mab as well as to plants. 

Mendel's laws were based upon a series of experiments carried 
on in the seclusion of the monastery garden upon pedigree cultures 
of peas (Pisum jori't'uin) and other pbnts, and his results were pub¬ 
lished in 1865 in the Abhandtungen of the Natural History Society 
of Briinn. He found in the course of his experiments that the 
peas showed a number of pairs of contrasting characters, of which 
eeven are recorded, one of each pair being dominant, the other re¬ 
cessive. These characters were; 

1. Shape of ripe seed; whether round, or wrinkled. 

2. Color of cotyledons; whether yellow, or green. 

3. Color of seed skin; whether various shades of gray and gray- 
brown, or whit e. 

4. Shape of seed pod; whether ^ply inflated, or deeply con¬ 
stricted between the seeds. 

5. Color of unripe pod; whether green, or yellow, 

6. Whether the flowers are arrangeil along the axb of the plant, 
or are terminal and form a kind of umbel, 

7. Length of stem, whether dwarfed or tall. 

The results of a large number of crosses showed but one only of 
each of these characters in the offspring in the first- filial generation, 
proving that in each pair one character was dominant and the 
other recessive. By letting the cross-bred peas fertilize themselves, 
Mendel raised a second filial generation in which the proportion of 
dominant to recessive characters wa.s with very considerable 
regularity in the ratio of three to one. In other words, the propoi^ 
tion in the olTspring of cross-breds was approximately 75 per cent 
dominant and 25 per cent recessive. These were again self-fertilized 
and the offspring of each separately sown, with the result that, 
•whereas from recessives he obtained only recessives in any num¬ 
ber of succeeding generations, the offspring of the dominants were 
not at all alike, in that they gave, first, pure dominants which, like 
the recessives, produced pure dominants indefinitely and second, 
cross-breds which while appeonng dominant, neiurthelesa con¬ 
tained recessive characters and when self-fertilized produced once 
more dominants and recessives in the ratio of three to one. But of 
the apparent dominants one only was pure to every tw'o which, 
although mixed, showed only the dominant trait- Therefore by 
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aetf-fertHization the oilgiml cross-breds produce out of ever? 
hundred: 

25 D : 50 DR : 25 R 

Like the pure R'b, the pure D's are thenceforth pure. 

The SO DR’s again have mixed offspiiDg: 

1 D : 2 DR ; 1 R = apparently 3 D : 1 R 

It was found that by working with combinations of two char¬ 
acters the resuJta were the same although naturally more com¬ 
plicated, 

Mendel’s laws may be thus stated. When two parents that show 
contrasting characters, one dominant, the other recessive, are 
creased, the offspring will resemble the dominant parent only in 
respect to the character in question. Wiicn these hybrid offspring 
are crossed with each other, the progeny will be mixed, 25 per cent 
resembling the dominant grandparent, 25 per cent the recessive 
grandparent, while the remaining 50 per cent will again be hybrid 
like the parents but wili roserabie the dominant grandparent. 
Thus 76 per cent will appear dominant and 25 per cent recessive, 
the ratio being on the average three to one. 

There are three principles upon which these laws are based: 

1. /fidepcndcnre of unit cAorac/ers, traits being inherited m 
units. 

2. DimiTtance. Unit characters are inherited through genes or 
determiners, and ev-en when inherited the recessive characters 
cannot appear, if dominant characters also are present. 

3. Segregation or purity of the germ cells. Each body cell 
of a hybrid contains genes for both of the contrasting characteis, 
but during the process of maturation the chromosomes are halved) 
one gene for each Character being discarded, so that but one re^ 
mains, either dominant or receasive, as the case may be. Im¬ 
pregnation restores the number of chromosomes and genes but 
there is still only one gene from each parent for each character. 
Thus, if both genes are for the dominant character, the offspring 
will be pure dominant ? if both are recessive the offspring will be 
pure rieeessi%-e; if one is dominant, the other recessive, the offspring 
will be hybrid; but only the dominant character can be manifest 
in the body, 

Caatle, for example, has experimented with guinea-pip with 
some interesting results, the contrasting character being white or 
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black color, short or bng hair, smooth or rough coat. In mating 
those of contrasting colors he finds that in the first generation all 
of the offspring appear black, which is the dominant color. When 
two of these arc mated, their offspring, if four in number, wUi con¬ 
tain three black and one white individuals. The latter, mated with 
a white individual, will produce white forever. Of the black, but 
one is pure, the others having oombined characters of which, how¬ 
ever, only the dominant one ia ^risible. The pure black mated Avith 


Fig. 15 .—&jCflu_te of cxtjaainK larige saw 
(L) and amoJl (s) pea plants. The circles 
repxescnt tlie i^y^otes and the charflcEer of 
the ^ma (pbenotypej, the letten witbio 
the circles the eonstitutiaa 

(get'Olypc)* Thektiersoutaid&tijeTeQQin- 
binatiotL equare repreaciit the garnauss. 
Each parent P represents a differeot 
phenotype and genoljiie, all the Fi gen¬ 
eration" belong to iht eame phenotype 
and genoty|je« allhough bait one is abown 
in the dJ&g^^un^ while in F* there are two 
phenotypea and three genotype^- Of the 
rorm^r there arc three large (dominant) 
phenotypes to one amaH reoesaive. (Aficr 
Woodruff,) 



another pure black would have black offspring forever, while 
if the cross-breda were mated, their offspring would be in the ratio 
of three to one, and so on. 

A further interesting experiment tvas the tnuiaplanting of the 
ovaries of a young female into a white one. The latter was 
then bred to a white indiWdual and whereas a uornial white in¬ 
dividual cannot have any black unit-characters in Its germ cells 
and therefore should produce only white indefinitely when mated 
w'ith another white one, the offspi'iug of this union were black, 
showing conclusively that the inheritadce lies in the germ cells, 
and that this somatic characteristic of the foste>mother in no 
way influenced the offspring, although all of its nourishment both 
in alero and later was derived from her body. 
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A diagram, which has been modified from CaatJe to ilJustrate 
the Mendelian law as applied to the single imit^jharaetera of black 
B and white W, foUows. 


Black Male White Female 



Occasionally the dominant contrasting characteristic of the 
patents is not ejthibited in ali of the cross-mated young in the same 
degree, but a blending of dominant and recessivie traits may oocur. 
Thus among silk-woims, a cross of the Shanghai variety, which has 
a white cocoon, and the Yellow Var with a rose-yeiJow one pro- 
duce^ a foim whose cocoona are straw-yellow. Ap^am the blcod 
may be a chemical one, aa in grapevines, of which the Aramon 
TOloring matter has the chemical formula the Teinturier 

the formula and the Petit-Bousehet (hybrid) hag 

the fotmida CisHaaOsi. 

With peas, MendeJ bred one 1 foot high with another 6 feet high 
producing an hybrid with a height varying from 6 to 7i feet' 
while the crossing of the flower Mirahilia jalapa female (red) with 
the male (white) produced offspring with red, white, and red- 
white streaked floivers, the last being an instance of mosaic inherit¬ 
ance. In many instances exhibiting at first blended inheritance 
the regular three to one spUttlng of dominant and receasive char^ 
acters may occur in subsequent gencTations. 

Mendel’s laws, therefore, are apparently a generalizatiot, of the 
greatest importance and apply uni versally to all cases of inheritance. 
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CHAPTER VIII 
ARTIFICIAL SELECTIOrj 

Under the general beaduig of selection are three aspects— 
Artificial^ N^atural, and Sexual| the first being, aa the nanie im¬ 
plies, a man-made process which is interesting as indirect evidence 
of evolution, for the plasticity of animals and plants in the hands 
of the breeder shows that remarkable changes in the character 
of organisms can occur, and if produced by Man, why not by 
Nature, which is vastly more induentia] and has time without 
stint at her dispaaal? 

The processes of artificial selection are undoubtedly more 
or less anaJagous to those of natural selection and aid iia, as they 
aided Danvin, to understand more ciearly the methods whereby 
Nature works to accomplish her results. It seems wise, therefore, 
to discuss this aspect of selection first as an introduction to the 
geneml theme. 

Artificial selection is the process whereby the various breeds or 
races of domestic aniinals aud plants have been formed by man. 
It is of the character of experimental biology upon which modern 
investigators rely so largely for their facta; but it has been found 
that laboratory experiments sometimes succeed where Nature 
fails, so that it is quite pcssible tlmt the theory of natural selection, 
for instance, rests too largely upon an assumed analogy with the 
artificial. 

Artificial selection is, in its ^pleat aspect, an extremely old 
process, judged by human standards, extending as it does orer at 
least seven thousand years, and some of the changes viuought 
among animals and plants are truly marv'elloua Certain types, on 
the other hand, like the peacock and guinea hen, lack plasticity and 
all the centuries of their domestication have failed to produce any 
very marked departure from the original stock. Such are static in 
contrast to the more plastic forma. 

Nature of the Product.—The forms produced by artificial selec¬ 
tion are often very far from a natural ideal and arc not such as 
would be produced or even sun-ive In the wild state, in nature, 
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charactcrisftioa which make for success in the struggle for exiatenoo 
are the product of evolution; in domestic races the qualities of 
traits which are ueeful to inan or conform with his fancy or with 
Style are selected, many of which would prove an insuperable 
handicap in open competition. Another characteristic of artificial 
bieeds is their instability, their pronencss to revert to the origiual 
type in a few ijeneratious if the vigilance of the breeder in pro* 
hibiting promiscuous mating betw een different v arietiea is relaxed. 

ExAStrLEs OF Artificial Sei^ctiost 

Pigeons.—Among the moat plastic of all domesticated animals 
are the pigeons, of which considerably more than 150 named varie¬ 
ties, all descended from a single known source and breeding, were 
knowm at the time of Darw in (iSfiS); moreover, the range of varia- 
tion is so great that some domestic races of the rock-pigeon differ 
fully as much from each other in cxlernaJ characteis as do the most 
distinct natural genera (Darwin). (See PL I.) 

The rock^pigeon^ Columba ff™, w’hich includes two or three 
closely allied subspecies or geographical races, is to be regarded as 
the common parent form. From this conseiw^ative bird there have 
been derived some remarkable types, such, for instance^ as the 
pouter, in w^hich the body and legs are elongate and the feet are 
fully feathered; but the most peculiar feature, which gives the 
name to the variety, is the enormous size of the cesophagus^ which 
is often inflated, giving the bird a remarkably pompous air A 
second variety consists of the carrier pigeons, with elongated beak, 
neck and bexjy but writh the eyes surrounded by much naked, 
generally wattled skin. Tiiese pigeons are capable of the most 
sustained Right and are used abundantly aa homing birds. They 
gave remnrkablB sendee as messengers during the World Wars. 

Id the fantail variety, the tail is expanded^ directed upward 
and formed of many feathers, with no oil gland, and there is a 
Hither short body and beak. The carriage of this binl iw remark¬ 
able, the head touches the tail feathers, and habitually trembles 
very miiqh^ and the neck has an extraordinary backwanl anil for¬ 
ward movement. Good birds walk In a singiibr manner as if their 
feet were stiff, and owing to their large tails they fly hndty on a 
windy day* 

The turbita have the feathers reversed along the front of the 
neck and breast w hile in the Jacobin^ they are reversed even more 
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front of the iiMk, almost encloses the head. Tumblers have a 
cunous^lnt of tumbling backward during flight, some panic- 
i^rly the Dutch Rollers, tumbling to an extraordinaty' 

at^ Se T" H T ^ummersfX 

1^™ f ^ ™PW spin, 

Tk sometimes lose their LlaL, 

t a ungraceful fall, in which they occasionally hurt 
them^Kra by sinking some object" (Bnent in Darwin). 

In the Indian frill-back, as in the Jacobin, the feathers are 
but m the fnlUback they curl backward over the whole 
body. The trumpeted have a tuft of feathem at the base of the 
beak curling fom-ard, and a very peculiar voice. 

n«Ti^ tnstJmc^, the descriptions of which have been taken from 

but the unp^jbibty of natural survival on the part of some of 
th^, notably the turn biers and fantails, with their poor Iocoin<> 
^ve^powem and the frill-backs, whose feathem, insLd o^ S 
an admirable protection agaioat inclement weather actuaTlv frf 
vile the destruction of the birtl. The young of all of tl,i n ' 

owing to the detrimental effect produced on the constitution rf 
by ^ .,»e i„b«db.g. S„„e of .b,», b^S^^ “ "oM 
^olm, jMobu, ,u.d tumbles ba^s OMted pno, 
Nevertheless they are not yet stable and it is said that only ^ 
Pi^miscuoua breeding will suffice to produce a 

dov^l,^ ^ rock- 

Faci^sils Of AuTiFictAL Seliiction 

The means employed by the stock breeder In the production of 
foTowT enumorated by Jordan and Kellogg as 

Fir^ nncimscioiis selection with more or less complete isola- 

oNetl^^^^V^ y uT" the unfi , a sort 

of lethal election of the leas desirable animals from evei^ polnl 

and the remaining animds^r 
mitted to breed. This improves the stock without giving the Sw 
distmctive quahtica Nevertheless where isolation is effitive and 
envuronmental conditions differ, it loads in time to marS roSl 
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diverffence. Among the sheep of Epghnd several markedly dis¬ 
tinct breeds have been thus produced, as follows: 

Homier VfiTieties: 

Southdown sheep of Sussex^ tawny face and legs, 

Hampshire slieep, black face^ ^jb, and legs, black spot under 
tail 

Devonshire sheep, similar to preceding but without black spot 
under tail. 

Cheviot sheepj face and ears whitCj head free from wool, ears 
erect. 

Shropshire sheep, dun face, face more or leas covered by wool. 

Ilamed 

Dorset sheep, white face and cars, small white curved borna. 

Irish ^sheep, black horns. 

Second* conscious selection of the more desirable individnals, 
(methodical selection) emphaaialng such points as larger sise* 
plumpness^ earlier maturity, greater docility, and fertility. While 
unconscious selection tends to produce racial divergence, here the 
reverse is true, for these good qualities appearing in all individuals 
tend to obscure natural or racial traits and make aU sheep look 
alike. 

Third, conscious selection directed toward definite or special 
ends, that Is, emphasizing certain individual characteristics rather 
than working toward a good* aJJ-round animal. Variation is con¬ 
tinually bringing new* points to the breeder's notice; those w^hich 
strike hlg fancy or increase the value of the animal will be cumu¬ 
latively emphasized in succesrive generations by breeding only 
from those individiiab w-'hich show the characteristic best- In this 
way increased milk-flow’^ or jneld of meat or wool^ or the dkap^ 
pearance of horns is obtained. Often the character which strikes 
the breeder's fancy is non-beneficLal and hence opposed to a result 
which Would be produced by natural selection- 

Fourt h, crossing or hybridmng. The crossing of tw'o Ladlviduals 
is often of great benefit because it (1) increases the range of varia¬ 
tion, (2) adds or combines certain desirable characters* (3) elbni- 
nates the undesirable^ The ofFspring of such crossing may vary 
greatly, especially after the first generation, and the qualities 
they show may be either good or poor. They will diverge widely 
from either parent or show' a combination of the charaeteristics of 
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botb. Sometimes traits appear that are distaatly anrestral and 
again those that are entirely new. When this eros^breeding is 
accompanied by careful selection directed toward definite or 
special ends, remarkable results are accomplished, and it is mainly 
njyjn this series of processes that breeding as a fine art depends. 
In this way Luther Burbank has produced a marvellous jisBcmblage 
of plant varieties, flowera, and fruits, attaining by hi.s patience 
and skill results which are almost like those of wiBardrj’. 


Limits of Ajitificjal Selectiok 

These are not met with as soon among plants as among animals 
and the first impediment is lack of fertility in making wide cTosi^a 
Among animaLs, crosses of varieties only are practicable and as a 
rule related species such as the horse {Eguys caballita) and the aas 
(A'guu^ flsjfjuj) can be bred only for one generation, as the ofT- 
spring is almost invariably aterile. .4moDg plants, on the other 
hand, not only are wider crosses practicable but many plants can 
^ propagated from cuttings, while higher animals, including all 
dome^ic animals, cannot, and the only way of getting another 
indiridiial such as a mule is to make the original cross again, klules 
cart be Impiioved therefore only by improving the parents or by 
crossing diflencnt breeds of the horse and ass respectively 
Cress-breeding Contmata.-Contnnrting results arc sometimes 
obtained m crossj-breeding by reversing the sexes of the two vari¬ 
eties mated. Thus the common mule is the offspring of a male ass 
and female horse; from the father he inherits certain superficial 
traits such as the amalJ hoofs, someirhat scantier mane and tall 
voice, and some peculiar mental characteristics; while fiom the 
mother come the d^pcr-Iying size and strength and symmetiy. 
Some authorities claim that his intelljgence is greater tlian that of 
either parent, although he lacks the dignity and poise of a good 
horse. Keveriw the cress and the result is a hinny, more horselike 
m conteuj and appearance, but with the smaller stature of the 
The voice Ls that of the home, and the animal is more apt to 
be fertile than the mule. The superficial characteristics and voice 
are m each instance those of the father, the stature, strength and 
symmetry those of the mother (see P], 11). 

Among plants the reverse hybridizing of the walnuts gives 
Mother I^noo ol ratmts. The Ctlfomie „.»but 
mliftjnum) male and the black walnut (J. nigraj remale KheL pro- 
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pagiated sfive trees which incre^ise in me twioe as fast as the com¬ 
bined growth of both parents, with clean-cutp glossy, bright green 
leaves from two to three feet long, an odor like apples, but no nuts. 
The hybrid is therefore sterile. From the male black walnut and 
the female California treCj however^ there is pmdticed a tree with 
larger nut^ of a quality superior to that of either parent. 

Mechanical LUnits.—The second limit to artificial selection is a 
mechanical one, for just as architecture and especially bridge eon- 
BtructiOD have their ilmitationa fixed by the strength of the mate- 
mis at the disposal of the builder, so a fimit may be reached in 
nature. Speed among aninmls requires among other ehaiacteristica 
long and slender lower segments to the limb$, which reach their 
highest perfection in animals of the size of the average African 
antelope. With a larger creature, such as a horse, the impacts and 
strains to which the limbs are subjected arc increased^ not only 
because of the greater force required to move a larger aaiinal, but 
very rapidly with each added increment of speed. The modern 
race horse with a speed of over thirty miles an hour has just about 
reachtti the limit of strength on the part of bone and muscle, and 
a marked mcrea^^ on the part of future animals is not to be looked 
for without proportionate risk of frequent injury to the horse. 
There are known caaes in which a positive limiJ-. has been reached in 
attempting to modify organs through selection alone^ 

Variationa are nature^s contribution to artificial sdection and 
are the basis of all man's work, for he can create nothing, but must 
take the variations which nature provides^ and there are definite 
limits to theae variations. 
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CHAPTER IX 


NATURAL SELECTION 

Natural sdectioD still seems to be the most important factor in 
evolution and has been defined as “The sunnval of the most fit 
with the inheritance of those species-forming adaptations wherein 
fitness lies^' {Jordan and Keibi^). Cmmpton says of it; 

“Natural selection proves to be a contmuoua process of trial and 
error on a gigantic scale, for all of living matter is involved. Jts 
etcmenta are clear and real; indeed, they arc so obvious when our 
atientioD is c&lled to them that we wonder why their effects were 
not undenitood ages ago. These element a are (1) the universal 
occurrence of variation, (2) an excessive natural rate of multiplica- 
tion, (3) the struggle for existence entailed by the foregoing, 
(4) the consequent elimination qf the unfit and the survival of only 
those that are satisfactorily adapted, and (5) the inheritance of 
the mutations or recombinations that make for success in the 
struggle for existence, Tt b true that these elements are by no 
me-an$ the ultimate causes of evolution, but their complexity doftj 
not lessen their validity and efficiency as the murkcdiate factors 
of the process.^ 

Prodigality of Production.—Perhaps one of the most impres¬ 
sive things in nature the teeming abundance of living creatures. 
The swarnis of gnats dancing in the sunlight, the great number of 
birds on certain oceanic islands, the immense collection of in¬ 
dividuals in a great school of Bshes: all are examples of what Thorn- 
gon has called the “ insurgence of life," and when one reaUzes that 
he aces but the smallest fraction of the total numbers which occur, 
he ta the more impressed. Speaking of the splendor of oceanic 
luminescence which is often met with at sea, Thomson says: 

“There h a castade of aparks at the prow, a stream of sparks aU 
along the water level, a welter of sparks b the wake, and even where 
the waves break there is fire. So it goes on for miles and hours— 
a lumbescence due to the rapid vital combustion of pinhead-lake 
creatures [Ntreiilum and others), so numerous that a biicketfLii 
contains more of them than there are people b London * . . 
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“ On the night before the new or full moon in the middle or latter 
half of December there occurs the remarkable swarming of the 
Japanese Palolo worm. It invariably takes place about midnight 
just after floodtide. At 1 a.m.. Akira Izukn relates, the worms 
’covered the whole water as with a ^eet’ and were thick down to 
a depth of a fathom. By 2,15 a.m., there w-as not a single worm to 
be seen; the reproductive orgasm was ov'er. The phenomenoD ap¬ 
pears to us to be a dramatic instance of the abundance of life, of 
the crisis-nature of reproduction, and of the precise way in which 
intemal rhythma may be related to external periodicities." 

The productivity of all living organisms is far beyond the 
ultiroatc numbers which can possibly survive, and the reason is 
this: organisms at their least rate of increase reproduce in geometric 
ratio, w'hereaa the space they may occupy and the available food 
supply remain constant. Hence without some very efficient check 
the slowest breeders would soon exhaust the possibilities of food 
and space. For example, the elephant is the slowfist breeder among 
mammals, but Darwin calculated that a single pair beginning to 
breed at thirty years and continuing to do so until a century old 
would produce on the average six young and would have in 750 
years, barring socidciit, nineteen millions of desceodanta, A 
rabbit, on the other hand, may have sb: young in a litter and four 
litters in a year, and the young may begin to breed at six months, 
a vastly more rapid rate of increase than that of the elephant. 

Among the lower vertebrates wliere no parental care is given to 
the young the potential productivity is necessarily enormons. In 
four herring the number of eggs varied from 20,000 to 4/,OOOj 
in a cod there were 0,000,000; a turbot, 9,000,000; and a ling, 
28,000,000, and yet despite the enormous number of offspring 
which might possiify be produced from a siftQlf ‘pair in one ^etiSFO- 
tioKf the ultimate number of herring or cod or ling remains on the 
average about the same. The chance of survival, therefore, of a 
ling’s egg is one in fourteen million. 

The vertebrates, however, are relatively slow' breeders, for there 
are as a rule but one or at most a half a dosen generations in a j'ear. 
With invertebrates, on the other hand, the actual number of gen- 
erations may greatly exceed this, and thia is w'hat Litmieus meant 
when he said; '"lYes musei® consumunt cadaver equi, a?quc cito 
flc Ico,” Huxley estimated that the descendants of a single green 
fly, if all survived and mult iplied, w'ould at the end of one summel 
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wei(;h down tbe population of China. Common house-flies would 
in the same time—six gcuemtione of three weeks each—occupy a 
spacas of about a quarter of a miliion cubic feet, aflowin^ 200,000 
to a cubic foot. An oyster may have 60,000,000 eggs, and the 
average American yield is 16,000,000. If all the progeny of one 
oyster survived and multiplied and so on until there were great- 
great-grandehildren, these isx>uld number 66,000,000,000,000,QOO,> 
000,000,000,000,000,000, and the heap of ^ells would be eight 
tiuies the sise of tbe earth! 

Professor Woodruff in liis eKperimental study of l^arataecium 
has maintaiuod a pedigreed race since 1907, the descendants of one 
wild individual. In five years there were 3029 generations, the 
mean rate of reproduction being three divbiomi in 48 hours. They 
were as healthy at the end as at the beginning of the culture and 
bad given evidence of the potentiality of producing a volume of 
protoplasm appro.'dmately equal to ten thousand times the 
volume of the earth! It has been estimated that at the end of 
the 9000th generation, now long since passed, the mass would 
exceed the confines of tbe known universe and the rate of growth 
would be extending its circumference into space with the velocity 
of light! 

With such extraordinaTy productivity on the part of all living 
matter, the efficieney of the check upon every species of plant or 
animal ia at once apparent. This check is that which Darwin and 
Wallace both recognised, and called the struggle /or exigence. 

Struggle for Existence.—This struggle for existence ig the 
competition between all organising and between each individual 
and the physical en^dronment. The struggle is threefold, although 
in the long run it is all against w’hat may be called the environ¬ 
mental complex, which includes all surrounding nature, whether 
due to physical conditions, to plant or to animal life. 

The intragpecifm slrugQk is the strujgile against the orgamstn's 
own kind, the mtemecine strife. In some cases this is the moat 
severe check of all, for each one’s needs are precisely similar and 
the competition, instead of touching at one or tw'o points, is ab¬ 
solute. In human warfare, the liatrcd is more bitter tbe nearer the 
contestants are related, as shown by Germany’s “Gott strafe 
England!”; so it is with the organic world. 

Examples of this intraspecilic stniggle are the young trees in a 
forest. .^6 seedlings they may spring up over a devastated area 
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m great abundance. Some soon die from Jack of auffident soil or 
moisture or due to other causes^ but they are 9 tUl numerou$ until 
they t>ecome so tall that their branches begin to mingle and a leafy 
canopy is formed which shuts out light and air from the trees of 
less vigorous growth. Then the weeding out of the less fit begins 
and the number of trees in the area rapidJy diminishes imtil ul¬ 
timately the relatively few great trees in a mature forest arc the 
result. 

In artificial lobster culture^ cxpeiiments have shown that it is 
tjettcr to turn the newly hatched young at once into the sea rather 
than retain them within the limits of the aquarium for any length 
of timej for they are their own wor^t eneniies and the results of 
what may be called cannibalistic selection are more destructive to 
the race than competition with the natural en%'ironnient, 

Inkr^cijic slruggk is the familiar struggle between members of 
different species, often in the nature of competition, but perhaps 
more frequently because the one may afford food for the other* 
Mankind is just a$ much concerned in this intcTspecific at niggle 
as any other form of life, but in general it is the lower organism, be 
it plant or animah which is woratetl in the struggle and must make 
good its losses or polish. The following statement comes from the 
Indian Year Bcmk for 1928 (nearly the yearly average): 

*^The total ntimber of persons killed by ^ild anirnah in British India 
during 1925 amounted to 1,062, as against 2,587 in the prenous year. 
Tigers were responsible for 974 dcatlis, leopards for ISl, wolves for 265, 
bears for 82, elephants lor 78, and hyeiw for G, Deatlis were highest 
from tigers in Madras, from lofpjmrds in the Central Pnsvinces and IjSerar, 
from wolves in. the Tnitcd Provinces, from bears in Bihar and Orissa and 
from elepliants in Assam. Of the 376 deaths from ^other animals,' 73 were 
assigned to wild pigs and 9S to crocodiles and alligators. Tijo highest 
number of deaths from all wild animals occurred in Madras £452), Bihar 
and OKssn, the United Provinces and the Central i^vinces and Berar 
coming next in order. Tlie mortality from elopliants showed a marked 
Increase in provinces where these miimala arc found wild. There liae been 
a noticeable decrease in deatlis from all other animals except bears in 
almost alt provinces. 

^'Deaths from snaketilte Tell from 16,867to 19,258. I>ecrefises occurred 
in Madras, the United Pp^vineeas the Punjab^ Burma, Bihar and Orissa, 
the Central Provinces and Berar and Assam; but Bombay and Bengal 
have reported alight increa^. 

^'During the year 21,605 vnld animals were reported to have been 
destroyed, of w'hicb 1,609 were tigers, 4,600 leopard!^, 2,485 bears And 
2,361 wolves. A sum of fls. 1,55+667 was paid in rewards, against Hs* 
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1,69,763 in the previous year. The number of snnkee destroyed in India 
proper decreased from 47,100, to 41,004, and the rewards paid for tlieir 
destruction were Rs. 1,379 as Rs> 1,403 in the previous year.'^ 

Inatances could be muJt [plied ad as the struggie b uui' 

versa! and no creatune is immuite, although in more favored com¬ 
munities, with rare exceptions, only parasites and disease germs 
tnahe their direct attack upon man, but every animate form depends 
upon some other organism, be it animal or plant, for its food, so 
none is eiiempt from direct or indirect participation in the univer¬ 
sal strife. 

Enffronntetitof struggle is that against the physical environmcDt 
—against excess of moisture or of drought, against extr^e heat or 
cold, against lightning and tempest, earthciuake and volcanic 
eruption. The eruption of Mont Pelde in May, 1902, slew pme- 
ticalJy every i^bitant of the city of St. Pierre, there being but 
one lone survivor out of a population of perhaps 28,000 souls; 
while in August, 1883, the volcano of Ivrakatoa as the culmination 
of a series of increasingly violent explosions threw back the in- 
pouring sea and drove a wave of water high upon the neighboring 
coasts of Java and Sumatra, engulfing more than 36,000 people 
with their v-illages and lands (Iddings). The Sicilian earthquake 
of December 28, 190S, caused the death of at least 77,2&3 people 
in Messina and the near-by city of Reggio, while the official 
figures for the Japanese earthquake of 1923 are; killed 103,000, 
injured 125,000, musing 235,000, a total of 463,000 soulal Again' 
as a result of neither earthquake nor volcano, the great tropical 
stonn of September, 1900, piled up the waters of the Gulf of 
Mexico, almost ovenvhelming the city of Galveston, with a loss 
of about 5,000 lives. The destructiou wrought by our wMtem 
cyclones and tornadoes is well known thou^ rarely ia there so 
appalling a loss of life as in tlie instances that have been given, 
Lightning is said to be the greatest single cause in the destruction 
of ranch cattle in Nebraska, due, however, in large part to the 
conductive power of the wire fences against which the animals 
drift before the storm. Thus the lightning holt which would in a 
state of nature be local in its effect has its danger zone very largely 
increased through human interference. River floods such as those 
of China take their annual toll of thousands of human lives and 
doubtless of many animals as well. The Cenozoic sediments on our 
western plains, formerly supposed to be those of extensive lakes 
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are now interpreted wry largely as river flood-pLain deposits. The 
fossil aniinab which they contain ^ and which most number many 
thousandsp are lately the accumuktioDs of flood victims of ancient 
days. 

Drought is another potent cause of destruction^ not- only of 
plants but of aoimab as well, for the drying up of a w^aterholc is 
frequently the forerunnor of tragedy. Excessive cold for which 
the animals are not prepared is another cause, as in the case 
of the numerous skeletons of guanacos^ a wild specieSp allied to the 
domestic llama of South America, which have been observed in 
Patagonia. Of the^e Hatcher says: '‘During the winter storms 
these animals would be driven from the surrounding plains to seek 
ahelter in the river valleys and there, beneath embankments or in 
clumps of bushesj would be found the remaina of such a^p through 
old age or disease, were unable to sunive the rigors of the storm 
they had sought to escape," 

All three aspects of the struggle are, strictly speaking, with t he 
conditions of life, and as we shail see, the interrelations of various 
organbiins with these conditions are generally very intricate, and 
over against the record of a vast host of all living beings nature 
writes a sentence comparable to the handwTiting on the wall: 
"Thou art weighed in the balances, and art. found wanting." But 
the destruction is not without distinction, for although the boldest 
and best of a race are sometimes the first to be destroyed, and of¬ 
ten the slaughter is utterly indiscriminate Like that in the trenches 
of Eland erSj or when a great Greenland whale rushes through an 
immense school of the deUeate sea-butterflics which form the 
bulk of its food, during w^hich thousands are engulfed and swal¬ 
lowed, no perfection of detail nor harmonising color nor activity 
nor any other usually advantageous variation availing one any 
more than the other; nevertheless, taking nature a whole, the 
fittest do survive m the long run and the least fit are the first to 
perish. 

Survival of the Fittest,^—The survival of the fittest is therefore 
the result of natural selection. While the same conditions persist, 
specific change is veiy^ gradual, but with changing conditions plac¬ 
ing a premium on new or different characters, species abo undei^o 
a change. Natural selection therefore enforces adaptation, and of 
two forms in competition, the adaptable will crowd nut the in- 
adaptable. 
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This is forcibly illustrated by the Tasmaiuati wolt or thylacine 
[Thylacyni^ i:ytioc 0 phalm) which is confmed to-day entirely to the 
island of Tasmania but whose remains are found in the superficial 
deposits of the Austrahan mainiandp showing it to be but recently 
extinetn The thylacine is one of the native pouched aniinals or 
marsupials [page 255) which form the indigenous inammalian 
population of Australasia and is characterized among other things 
by being dull Of wit as compared with a true placental dog. Aus¬ 
tralia has such a dog, the dingo (Cams the origin of which 

is doubtful, but it ia supposed to be of Asiatic extrac tion and intro¬ 
duced into Australia by human agency. We have here Hie adapt¬ 
able placental placed in competition with the inadaptable mar- 
supialj with the inevitable result—the marsupial holding its own 
when it had only the ancient eaemies of its race to contend 
against, but powerless in competition with the representative of 
a more ’^ligorous stock. 

Wature^s Balance.—Competition h inseparable from life and 
is really the source of all progress^ but thbi very competition leads 
to a nicety of adjustment between rival organisms and a linking 
together of other beings into a marvellous web of interrelation¬ 
ships. This nicety of adjustment m known as naturc^s balance^ 
and, although often unobserved^ man has inadvertently some¬ 
times upset the adjustment^ causing dire results which he know^s 
to bis cost^ 

Not all organisms are enemies^ as w^ have seen in discussing the 
biotie rclatiousMp:i of animats in Chapter II, but in many 
mstances, although generally among unrelated fomig^ there is a 
marked interdependence, all of wdiich adds to the complexity of 
the web of life, and at first sight the extremes of a series of interre¬ 
lated organisms, when the links in the chain are unknown or dis¬ 
regarded, make them seem veiy^ far-fetched as illustrations of the 
case in point. Such, for example, is the linkage suggested by 
Darw^in between domestic cats and red clover, but when all of the 
links are know n, the connection is at once evidcait. Darwin found 
by experiments that humble-bees are almost indispensable to the 
fertilization of the heartsease (Viola Iricotcr), for other bees do not 
visit thm flower. He also found that the visiU of bees are neces¬ 
sary for the fertilization of some kinds of clover; ^'for instance 
twenty heads of Dutch clover (Trifolium repent) yielded 2290 
seeds, but twenty other beads protected from bees produced 
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not one, . . . Humble-bees alone visit red cloverj as other bees 
cannot reach the nectar. . . . Hence we may infer as highly 
probable that, if the whole genns of humble-bees became extinct 
or very rare in England^ the heartsease and red clover would 
become very rarOi or whoUy disappear. The number of humble- 
bees in any district depends in a great measure on the number of 
field-niice, which destroy their combs and nests; and Col. New- 
maiij. ivbo has long attended to the habits of humhie-bcest believes 
that ^more than twontbirds of them arc thus destroyed ail over 
England-' Now the number of mice is largely dependent, as every 
one knows, on the number of cats; and CoL Newman says, “Near 
villages and small iowm I have found the of humble-ljees 
more numerous than elsewherOj which I attribute to tlie number 
of cttta that destro}'^ the mice,' Hcuce it is quite credible that the 
presence of a feline animal la large numbers in a district might 
determine^ through the inter\'ention first of mice and then of bee^^ 
the frequency of flowers in that district!" Huxley bad added a 
link to each end of t his chain of rcbtiorusliip by the supposition that 
the cats arc ver}’’ largely harbored by the unmarried spim^tcr^ on 
the one hand^ w^hereas the clover aifords sustenance for the cattle 
which in tnm produce the “roa^t beef of Old Englandwhich 
nourisiies her valiant sons w'hich are the source of England’s 
mighty thus making the number of maiden ladies in a community 
productive in this vciy roundabout way of the prowess of Great 
Britain. 

It will readily be inferred from the foregoing how ivonderfuUy 
ddicalc this balance of nature is in its adjustment and hoiv easily 
it may be deranged by human iuterfereace. A few notable cxamplci* 
of sucii derangement of the balance may he given. The English 
sparrow was intrcxluced into a city of Coni;iect.iGut for the pur¬ 
pose of eradicating the measuring worma which were defoliating 
the elm trees at the time so characteristie of the towm. It may be 
said to it 3 credit that the sparrow did largely abate the nuisance 
for which it w™ imported, hut owing to its fecundity^ greediness^ 
and quarrelsome disposition, it hv^ become a widesprettd pest^ 
driving out the native song anti insectivorous birds and offering in 
exchange only its owm unattractive personality. 

Another instance is the Colorado p^^tato beetle {DorfjphQra 
d€cemUneaifi}j a uative of the Central West, w^hcre it fed upon the 
nightshade and waa kept in check by its natural enemies. The 
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introduction of the poteto plant, a dose ally of the nightshade, 
offered the beetle a new and abundant food-supply, to which it 
took with great avidity, multiplying rapidly, for the lessening of 
the competition for food rendered the other natural checks of rela¬ 
tively little avail. The beetles then began an eastward migration 
in an ever widening pathway, going from one potato plantation to 
the next, until they finally reached and extended along the Atlantic 
seaboard and now extract an annual toll equivalent to thmign^d-? of 
dollars from the raisers of the esculent tuber. Id this case, it was 
not, as usual, the introdnotion of an animal into new env'ironmental 
Conditions that upset the balance, but the reduction of one of 
the most severe checks to survival, the struck for food* 

Another very remarkable instance the entire history of which k 
knoTiTD is that of the gypsy moth {Poftheiria dtspor) which was acci¬ 
dentally liberated in Medford, Massachusetts, in 1869* Professor 
I.^pold Trouvelot, a French lULturalist, was cxperimeotiDg with 
ailk^pinning caterpillars, especially the Ameiican species, to see if 
any could be made of economic importance. H« also imported 
specimens of the insect under discussion from Europe. Evidence 
seems to show that some of the egg dusters or young caterpillars 
escaped from his place, and as he waa aware of the dangerous 
nature of the insect in its native home, he deatroj-ed all the cater¬ 
pillars he could and, but soon seeing that he could not fight them 
single-handed, he reported the matter to the authorities. Little 
notice was taken of the insecte, however, although after a few yearn 
they did become exceedingly troublesome to the people of the 
neighborhood by defoliating their shade and fruit trees. During 
the summer of 1SS9, however, their depredations and numbers 
increased to such an extent as to become a public menace, depre¬ 
ciating the value ot property and causing an exodus from the 
infested districts, as they gwanned eveiy-wbere and many trees and 
orchards died as a result of the repeated defoliation. The lepslature 
of the commonwealth then took up the problem of extermination 
and appropriated the sum of S2o,0(X) for their elimination. Addi¬ 
tional appropriations were requested and granted until 1900, when 
the work of the state commission ceased* In the meantime another 
einular pest, the brown-taiJ moth (Eujjrorti's c^rysorrA«a) had also 
been introduced from Europe and, together with the gypsy moth, 
wWch spread alarmingly with the cessation of the work of extere 
minatioD by the state, has become a problem of national import 
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taace. Hence the tloited States Government in eodperatlon with 
that of Massachusetts has taken up the fight. Actual e:cteiTnii]a- 
tion seems now out of the qui^ion^ as every available method^ 
mechanicalp by poison, or by fire, has been tried, and what the 
autboritiea are striving to do is to restore natiiro’a balance by in¬ 
troducing the parasites and other natural enemies of the two in- 
sects from their native home, with the hope that thereby they 
cnay be controlled and not become too great a burden, for their 
total destruction seems impossible. 

Yet another noted instance is the introduction of the camivorioua 
mammal, the mongoose (//erpes/es into Jamaica. “Rats 

brought by shipis became a plague in Jamaica. To cope with them 
the mongoose was imported, and it made short ivork both of the 
Old World rats and the Jamaican cano-rats. But when these were 
gone, the appetite of the mongoose remained, and the pouUrj^ and 
various ground birds began to suffer^ Useful insect-eating lizards 
were also eaten, and another cloud rose on the aky~there was a 
multiplication of injurious insects and ticks, so that plants and 
animals began to be affected through an ever-widening circle'* 
(Thomson). 

One insstance where balance has been partially restored after be¬ 
ing upset by human interference is in the case of a scale insect 
accidentally introduced into California from Australia on some 
young lemon-trees. This multiplied until it became a moat per¬ 
nicious pest which various mechanicaJ remedies failed to control. 
Search was made in Australia, and a natural enemy, a lady-bug, 
was brought over to California, with the result that not only was 
the scale reduced hut almost completely eliminated. It was then 
found that the lady-bug depended upon the scale for food to such 
an extent that it died in turn, and now protected colonies of scale 
and lady-bug are kept in readme $9 to control future outbreaks of 
the pest! 

Survival of the Existing.—We have spoken of the aund^'al 
of the fittest which controls the existence not only of a race, or the 
individuals which make up the race, but also of the characteristics 
which compose the individual. There are, however, certain char- 
acteristica which seem to be non-important and, so far as we can 
judge, have nothing to do with an organism's chance for survival. 
These non-esseiitial characiers are, as we say, not of selection value, 
and persist through heredity. They are minor traits such a^ pe^ 
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culi&T color patterns, relative proportions of part«, or vestigial struc¬ 
tures, like tbe red color seen iu the fins of certain deep-sea fishes. 
These fomis live in a habitat where, as no light exists, the color 
can not be wen and hence is of no possible utility to the anitnah 
The spots on the coat of a lion-cub are also instances in point. 
Usually these indifferent traits may be interpreted in the light of 
historic vestiges and point to former conditions in racial history 
where they were of Importance in detcimining the chances for 
survival. To this category belong the great number of vestigial 
organs of which Wiederaheitn has enumerated 180 iu the human 
body alone! (See Chapter XXXIX.) 

Summaiy.—^The effect of natural selection as an evolutionary 
factor hfljs thujs bcea summarized p 

1. Under new conditions harmful characters will be eliminated 
by selection. 

2. Beneficial characters are intensified and modified. 

3. The great body of character neither hurtful nor beneficial 
will not be modified but will persist through heredity. 

"The resultant of these existing conditions (of cnvironnicnt) b, 
according to Darwin and his foUowera, an inevitable natuial selec¬ 
tion of mdtviduab and of species. Thousands must die where one 
or ten maj- live to maturity (i. e. to the time of predueing young). 
WTiich ten of the thousand shall live depends on the slight but suffi¬ 
cient advantage possessed by ten individuals in the complex strug¬ 
gle for existence due to the fortuitous possession of fortunate 
congenital differences (variations). The nine hundred and ninety 
with unfortunate congenital variations arc extitiguisiied in the 
struggle and with them the opportunity for the perpetuation (by 
transmission to tlie offspring) of their particular variations. There 
are thus left tcu to reproduce their advantageous variatiotLs. The 
offspring of the ten of course nil] vary in their turn, but will vary 
around the new and already proved advantageous parental condi¬ 
tion: among the thousand, say, offspring of the original saved ten 
the same limitations of space and food will again work to the killing 
off before maturity of nine hundred and ninety, lea\ing the ten 
best equipped to reproduce. This repeated and intensive’selection 
leads to a slow but steady and certain modification through the 
successive generations of the form and functions of the species; a 
modification always toward adaptation, toward fitness, toward 
a moulding of the body and its behavior to safe conformity with 


NATURAL SELECTION 


129 


external conditions. The exquisite adaptation of the parts and 
functions of the animal and plant as we see it every day to our in¬ 
finite admiration and wonder has all oome to exist through the 
purely mechanical^ inevitable weeding out and fleeting by nature 
(by the environmental determining of what may and what may not 
live) through uncounted generations in unrcckonable time. This 
is Darwin’s caiiso-meclianipal theory' to explain the transformation 
of species and the infinite variety of adaptive modification. A 
rigorous automatic natural selection is the essential idea in Dar- 
winisiiij at least in Darwinism as it b held by the presentniay 
foliowera of Darwin" (Kellogg). 

Several objections to natural selection as a universal factor have 
been offered. Among them arc the following: 

1. It does not account for the beginnings of organs, which may 
appear at first as the veriest rudiments having as yet no seketion 
value. As one has said, it accounts for the survival of the fittestj 
but not for the arrival of the fittest. Thus> to give rise to aueh 
apecializations as ekborate mimicry, or the electric organ of the 
torpedo, etc., which are of apparent advantage only in the per¬ 
fected! state, natural selection, acting only upon minute gradations 
toward perfectioUp seems madeqtiate. The same is true of so com¬ 
plex a specialization as the eye and its fiinctioii in the vertebrates 
or in the insects and crustaceans, 

2. Over-speeializatioo> of which there seem to be repeated in- 
stances such as the huge antlers of the extinct Irish deer w'hich in 
some Instances outweigh the entire skeleton, or the immense gpiral 
tusks of the Jefferson mammoth^ or the minute fidelity of certain 
mimicking injaccts such a$ Katlima (Fig. 30): all these point to 
the apparent m^possibUity of natural selection as an ageut^ for it 
k inconceivable that natural sekctioii would exert an mfinence 
beyond the point of greatest u^efulne^ to cau^ the organ to be¬ 
come a hindrance and not a help nor would it extend to finene^ of 
detail in mimicTy far beyond the most sesthctic perception of the 
enemy to appreciate. The objection to this objection is the absence 
of absolute proof that the$e are rightly interpreted as over- 
special i nations. 

3* Natural sekeiion cannot account for degeneracy. To say 
an organ is no longer useful and hence diaappeam, h to state the 
effect and not the cause. If imder changed conditions a character 
built up by natural selection becomes a menace, the reversal of 
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eelection can accomplish its mnoval, but this will not where 
the characteristie is an indifferent one. Thus it will be seen that 
whereas natural selection may be conceded to be a factor of im¬ 
portance, it 18 apparently not the only factor nor indeed the only 
important factor in the evolution of organic life. 

There are those who object to natural selection because it b 
essentially a materialistic doctrine^ depending as it docs purely on 
the laws of chance. 

"But this kind of formal stunmary of the tactics," saya Thomson, 
^Ms quite faliacious. It conceals the heart of the matter^ that 
living creatures with a will to live, with an insurgent self-assertive- 
ness, with a spirit of adventure, with an cnd(^vour after iveii- 
being—it is impossible to exaggerate the perwnal aspect of the 
facts, even if the words w^hich we use in our ignorance may be too 
metaphorical—do trade with time and have commerce with cir¬ 
cumstance, as genuine agents, sharing ia their own evolution. 
There is abundant rDom for sympathetic admiration of the tactics 
of Animate Nature, though the strategy may—and for scienoei 
must—remain obecure;" 
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SEXUAL SELECTION 

Sexual selection is the second Darwinian factor, the one whereby 
Darw'ui sought to account for the secondary sexual characters of 
aoimais, many of which seemingly cannot be the result of natural 
selection, for the modifications may not be useful in the struggle 
for existence. 


Phtuart Sex DfSTrNcTiONs 

The primary &ex distinctions are the functional ones which 
naturally differ in the two sexes. They are the reproductive organs, 
ovaries and testes, with their essential glands and ducts^ and the 
organs in the female whereby the young are nourished and devel¬ 
oped before and after birth^ the placenta and mammary glands. 

Secondary Sex CHARACTERa 

The sccondar^^ sex characters, on the other hand, are such as 
are often not directly concerned with procreation but may never¬ 
theless be of considerable importance to the organism. They often 
enable us readily to distinguish the sexes, as in the case of the pea 
fowl {Puvo crisialus)^ whereas in other instances sexes may be only 
recognizable by a microscopic examinatjon of the reproductive 
glands, as in the American oyster (fMreu itrpHica). 

Special Organs for Mating.—The secondary sex characters may 
he grouped under several lieadiugs for the purpose of discussion, 
rimt among them are special organs for matings stuictuncs some¬ 
times found in the male in additiou to the laormal devices for coi¬ 
tion, which are primajy sex organs. Such, for example, are the 
holding organs in the male frogs, curious pad-like structures on the 
thumb of the hand, by which the female is firmly clasped on either 
side of the hip girdle. Its purpose is to keep the tw-o sexes together, 
there is generally no internal impregnation but the eggs are 
fertilised in the water, w^hich must be done immediately after ex¬ 
trusion before the gelatinous envelope Ms time to sw-elh ainoe after 
that impregnation ia impossible. The shark-like fishes, with 
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living exception, have a portion of each pelvic fio in the m^e 
modified into what is known as the clasper for use as an intro 



Pw la-^imBTOid fish, Chini^ MOtW, male, ehomas jseeondarr «t 
chfliaetefB, rf. elanpere; m. ip, frontot apute{olaaf«r). {Modified from Dean.) 


mittent oi^an in mating, while in the related chimsmids or silver 
sharks there is in addition to the pelvic clasperg a curious device 
on the top of the head, which looks not unlike a door-knocker and 



ia proviaen witn nooks derivet 
from the skin. The actual us< 
of this knockerdike organ hiii 
never been obsen'cd, but it k 
also supposed to be a clasping 
mechanism (sen Fig. IG). 

The cephaiopoiis show a re¬ 
markable seasonal alteration of 
one of the tentacle-like anus in 
the male which is used In mat¬ 
ing, a modiheation knorvn as 
hectoeotylissation (Gr. iKaT6v, 
hundred, and hollow 

vessel). The arm U filled ^^ith 
the spcrniatophores prior to 
coition and is detached from the 

Tio. ^ Hew JaUer pro^, 

hecu»otyIi*cd ami. (Aft« Claii& 43 ^ * developed to 

wick.) (Vor female SCO Fig. Ill,) its place (see Fig, 17), 

kind o| 

especially in the feinaie but sometimes in the male.^nder th^ 
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head comes the pouch of the female marsupial marnmnl , either 
one transverse or two longitudinal folds of skin which cover 
the tests and serv'o to protect the very iutmature and helpless 
young until they are able to fend for themselves. A compar¬ 
able dc%hce is seen in the sea-horse {Hippocampus, Fig. 18)^ a 
small but highly specialized fish in which the ventral ^ have 
been modified into a brood pouch to cany the egj^s until time for 
them to hatch. In this casOp curi¬ 
ously enoughj it is the male which, 
as Thomson say9^ carries the eggs 
about in his breast-pocket.” The 
£same is true of some related pipe¬ 
fishes 

The frog ;3 and toads also ^bow 
man'cllous brooding devices, espe¬ 
cially the famous Surinam toad 
(Fipa americam) in which the skin 
of the back of the female forms 
growths for the reception of the 
eg^ and in these the young un^ 
dergo their whole rnctaniorphoaia- 
Each receptacle consists of a cavity 
with a lid; the origin of the latter 
is not Understood but it ia proba- 

bly produced by the remnant of ia.-Sea-ho.w. Ilippoann- 

the cgg-shell itself, which, after the antiquoTviHt maic, showing 
larva is hatched, remains on the hrood-poutb formed from mio- 

nf tKa i-"* j t iU' hiucd pelvic fins. (Aftm' Doflein.) 

top of the cup. Gadow says of this 

(troup; '*The (greatest charm of the Amirn (frogs and toads] lies 
in their man'olJous adaptation to prevailing dreumstances; and 
the nursinft habits of some kinds read almost like fair^'-tales," 

Special Sense and Sound-producing Organs.—A thin! in¬ 
stance of secondary' sex characters is represented by special sense 
and sound-producing organs. Here it is the insects which form the 
best means of illustration, for being as a rule active locomotor 
types, their special senses are proportionately developed. Slide 
moths, especially the so-called giant si Ik-worm ntot hs, the eccropk, 
pol^'phemus, luua, and others, have the feathery antenna enor¬ 
mously developed compared with those of the female. They aro 
the seat of a remarkable sense ivhieh, for want of a better under- 
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Ftanding has been compared ndth tbe human of amcU. It ia 
used by the male in searehing out the female for the purpose of mat¬ 
ing, and is wonderfully effectivc^ the male moths assembling ETOund 
a newly emerged female from a radius of several miles. Among the 
scale insects (coccids. Fig. 19) both sexes are degenerate sedentary 
types during their young condition and often obscurely colored so 

as to be discerned 



with difficulty. The 
female remai ns 
scaie-like through¬ 
out life but the male 
upon metamorpho¬ 
sis changes into a 
delicate two-winged 
dy in sharp contrast 
to his lowly mate. 
Abortion of the 
mouth parts in adult 
insects is not infre¬ 
quent, as in the 
Chinese alk-worm 
{Bornhyx 
may-flies, etc,, but 
in the male coccid 
they are replaced 
by an extra pair of 
eyes on the under 
side of the head as 
Fla. IS.—8ea,Jfl lasMta, pomomm. A, a necessary aid in 

adult iflBlc:B,>oung^mii]c«de;C, Adult the obsCaiC 

and egg Greatly colarged. (From J. B, ^ 

Bmith's f) lemale. 


Vocal organs are 

almost exclusively confined to the vertebrates, ivith the exception 
of the insects, but in the latter the males only arc provided 
with sound-producing organs. With tbe crickets and katydids 
they are a modification of the fore wingg, which ha\*e sonorous 
structures that are thro^vn into Whratlon by being rubbed past 
each other, the sound being amplified by tightly stretched mem¬ 
branes analogous to a banjo head, or by remnant chambers 
formed by the wingg^ and comparable to the body of a violm. 
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The grnashoppera rub the hind leg across the edge of the wing, 
and the cicadas have a remarkable pair of kettle-drums at the base 
of the abdomen which are made to resound by the alternate 
stretching and relaxing of the membrane which covers them, 
TTiey lie beneath a pair of backw ardly projecting flaps comparable 
to the skirts of an eightecnth-oentury waistcoat, 

Special locomotor organs, such as occur in the male scale insects 
and certain moths, are perhaps not so much a development in the 
male as degeneracy in the female, for absence of locsomotive powers 
on her part renders increased activity upon that of the male im¬ 
perative for the sake of future geuerations. In the famous gj^pay 
moth, the female, although still possessing wings, has lost the power 
of flight because of the great weight of her body, while in the 
canker-worm moths the female's wings have utterly disappeared. 

Organs of special use usually take the form of weapons such 
as the antlere of the male deer, the tusks of the boar and of the male 
rnusk deer and chevrotains, and among insects the huge mandibles 
of the atag-beetlcs and the spines on the head and thorax of the 
rhinoceros-beetles. Among bees and wasps, on the other hand, 
the sting is confined to the females or to the sculled neuters or 
workers which are in reality undeveloped females. The sting is a 
modification of the ovipositor or egg-laying organ characteristic, 
for instance, of the paiaaitic Hymenoptera which are near relatives 
of their stinging allies. 

Special characters for exciting or attracting the opposite sex 
are such as appeal to the senses of sight, hearing, and smelling, 
taking the nature of cries and antics, of color and plumagOp and of 
special odors. They may be either seasonal or pershitenl and are 
in many ways the most inexplicable of all the secondary characters 
of aex. They are of course confined almost entirely to the male. 
Instances may be multiplied indefinitel3', as they have been ol> 
seized by all—the gorgeous tail of the peacock, the pompous dig¬ 
nity of hh* carriage and even his strident voice are all supposed to 
make an irresistible appeal to the female, Ihe strutting of the 
common turkey and especially the dru mmin g of the ruffed grouse 
are further instances. The beard of man and the mane of the lion 
may also be included under this head. 

Reciprocal organs are found in a reduced state in the female, 
as horns in the goats, antelope, caribou, and reindeer. Stridulating 
organs, though undeveloped, are present in female crickets and 
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katydids, whib in male mammala the ummius are pre^nt m a 
rudimentary atate. in the male, the mammary^ apparatus normally 
becomee absorbed, thouj^h occasionally at birth and at puberty 
milk is produced in the human subject- Male goaU and castrated 
sheep have also been known to give milk (Wiedersheim)* A fonc- 
tionlcss rudimentary brood pouch is present in the male Tasmanian 
wolf 

Indifferent Characters.—-Under the head of indifferent char¬ 
acters are included such as are of no vital importance to their 
owner and yet are sex distinctive. They are mainly the negative 
reciprocals of certain structures already mentioned as chameteris- 
tic of the opposite sex, as for Instance, the reduced wlng^ of certain 
female insects, the vestigial gut in the male rotifers or wh^] ani- 
malcuJes, the slight differences in size or color in many birds and 
insects, or the differences in the proportions or the pattern and 
arrangement of the veins of insect wings and In the number of tarsal 
or antennal segments. 

Atavistic characters are those distinctive of ancestral condL 
tions, like the hairy^ chest and greater bodily strength which often 
occur in men but rarely in ’ivomen. 

These are the secondary sex charactera to explain which the 
theoiy of sexual selection was proposed, but it will be seen that 
with the exception of those under the captipn of indifferent charao 
ters, and perhaps the Jast three, they may all be regarded as the 
result of natural selection, as they are useful in the struggle for 
existence. The characteristics included in the special characters 
for excitation, etc., on the other hand, are such as make their 
owner more conspicuous and doubtless expose him to dangers from 
which a more obscure animal would be immune. Hence their 
development is opposed to the principle of natural selection^ as the 
results are a handicap and not an aid in tho struggle for cxistence- 

Theory of Skxltal Selection 

The theory of sexual selection is based upon the competition or 
struggle for mating, and while natural selection presupposes a 
passive female, sexual selection implies presumptive choice on her 
part of the most desirable male to be the father of her progeny^ 
with the consequent inheritance by the offspring of his estimable 
characteristics. Darwin also included in his theory the competition 
or stru^Ie for mating where rival males fight for the possession of 
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a female as In the case of the deer or the sea-Uon, the female being 
in each instance tlie passive reward of the victor. But this fighting 
on the port of the males is merely a phase of the intra-apecific strug¬ 
gle, although it is not a fight for food and space but for a chance 
to mate. This chance, howe\'er, often depends upon a life and 
death struggie and no theory of aexttai selection is necessary to 
account for the development of the weapons or greater prowess 
which enables one animaJ to become the victor over another 

Postulated Bases of the Theory.—As Darwin originally pro¬ 
posed it, the theory W'as based upon the following assumptions, the 
truth of Vr’Iiich was apparently attested by a varying number of 
facts: 

“First, many secondary sescual characters are not explicable by 
natural selection; they are not useful in the struggle for life. 
Second, the males seek the females for the sake of pairing. Third, 
the males are more abundant tlian the females. Fourth, in many 
cases there is a struggle among the males for the possession of the 
females. Fifth, in many other cases the females chouse, in general, 
those males specially distinguished by more brilliant colours, more 
conspicuous ornaments, or other attractive characters. Sixth, 
many males sing, or dance, or otherwise draw to themEelves the 
attention of the females. Seventh, the secondary sexual characteiv 
istics are espeeially variable, 

“Darwin believed that he had observed certain other conditions 
to exist which helped make the sexual selection theory probable, but 
the conditions noted arc sufficient if they truly exist" (Kellt^g). 

Difficulties.^Some of the difficultly which stand in the way of 
our acceptance of Darwin's tenets are thus enumerated by Kello gg ; 
The theory can apply only w here the males are more numerous or 
polygamous, otherwise even if rejected by the first female each 
male, however undesirable, would sooner or bter find his mate 
and thus the unomamented males would leave as many progeny 
as the ornamented, w-bich would prevent any cumulation of or¬ 
namental variations by selection. Among the higher vertebrates, 
where a great number of ornamented males occur, the proportion 
of the SCOTS is about equal, and where polygamy exists there is 
alw'ays a stniggie for mastery, not an active female choice. 

In most species the mating female is observ'cd to be wholly 
passive and propinquity is seen to be the greatest factor in deter* 
mi Ring which two shall pair. 
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Ora^entd colore sue as often cbaractcriatic of the males of 
species in which there is no real pairing as among those which pair. 
Sexual choice certainly cannot account for the remarkable or* 
namental colors of the males of many fishes in the breeding seasonj 
for the female may not even see the male which fertilises her al¬ 
ready laid cggs< Eigenmann, on the other hand, notes the utter 
absence of such ornamentation among cave fishes which live in 
the dark, and argues that where they do appear, therefore, they 
must bo due to visual selection. This may, horvever, be explained 
in a different way, as wc shall see (see page 141), 

A high degree of the lesthntic sense on the part of the females 
of animals would be necessary for choice on a basis of ornament 
and attmetiveness. For this we have no other proof, and we can 
not ima^ne its existence on the part of invertebrate animfllB in 
which ornament is often so highly conspicuous. Even among the 
higher forms where! o the {esthetic sense may bo developed to a 
certain extent, we have no assurance of any one standard of beauty 
for individual taste varies greatly with men and probably also with 
animals. Even if we may attribute a certain sesthctic sense to 
mammals and birds, the question naturally arises ivhether it can 
be so keenly developed as to lead the female to make a choice 
among slight difrereocoa of color or song. Yet this asstimption is 
necessary if the tlieoi^' of sexual selection be accepted. Would not 
the evolution of this aesthetic sense upon the part of the female be 
just as difficult to account for? In all probability her reaction is 
purely emotional rather than discriminattve. 

Very few cases of actual choice by the female have ever been 
observed, for even so earnest an observicr as Darwin himself, who 
had every reason to record the greatest possible number, failed 
to note more than eight cases among birds, and but half a dozen 
more, all doubtful, are mentioned in the literature from his day 
until 1907. 

Many of the so-called attractive characters of males have been 
found to be during life of such a nature that the females could not 
note tbemj as, for instance, the brilliant colors and curious horns 
of the male dung-beetle which are so obscured by filth that they 
cannot be used for display, while in melodious or luminous insects 
like the crickets or fireBies, nearne^ wiJl make a relatively feeble 
song or light seem much finer than that of a distant but much more 
musical or brilliant insect. 
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That dances and serenade^ do occur during the breediDg season 
is weU known, but they may be for the pujpose of excitation of the 
usually passive female and may not imply the ncc^ity of any dis¬ 
criminating choice upon her part among a number of males. Tliat 
rivalry would he developed among the dancers or Ehngcis is only 
natural and may or may not lead to further perfection of the art. 

Experimental Evidence.—There is as yet comparatively little 
evidence based upon actual experiment, but such as we have is 
strongb^ opposed to the sexual selection ^hcor>^ In tiiin connection 
the experiments of Mayer are of remarkable interest. He worked 
with the giant sllk-wonu moth Cnllo&amia promeiJkea^ in which there 
is decided sexual distinction in color and pattern. The females have 
a reddish browm ground color* while the maleR are blackish, and the 
omaiiicntatioD in the tw'o sexes is distinctly different. If there is 
any moth species in which the colony and general pattern of the 
male ought to be rcadil}'' obvious to the female^ and in which sexual 
selection might be presumed to have been the influence in produc¬ 
ing a pronounced nude type of preferred pattem, It is this species. 
The e-Kperiments were varied, but it was found that sight had 
nothing to do either with the finding of the female or choice of 
mate, for reversal of wings—male on female or female on male— 
or any other disguising of the sexes made no difference whatever 
in the mating. The assembling powder, as we have already noted^ 
w^as resident in the antennae of the males. 

From the experiments it is concluded that the mating instinct 
on the part of the^^e two insects b a phenomenon of chemotaxis 
(Lat. cAcmfcus, chemiCp and Gr* arrangement), as sexual 

selection on the ground of color alone does not affect itJ^ and there 
is no associative memory connected with it. 

Alternative Explanations.—^It will be geeu from the foregoing 
that the Darw'inian factor of sexual selection rests upon very 
meager evidence, the great majority of secondaiy' sex characters 
being explicable by natural selection, and on the other hand even 
where natuTai selection cannot be invoked, sexual election does 
not stand the test of experiment. Some alternative explanation 
becoming necessary, the following have licen offered: 

First, that the secondary sexual characters are produced as the 
result of the immediate stimulus (naturally different) of the sex¬ 
ually differing primary reproductive organs, this stimulua being 
usually considered to result from an mternaJ secretion of the 
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genital oTgato actiog on certain tissues of the organism j and second^ 
that the males in most species possciw an excess of ener^ which 
tnanifests itself in cxlra-groMths, extra-development of pigment, 
plumage, etc.^ and that displays by the males of special mevementa, 
soimd-makings, etc.^ are direct effects or manifestations of sexual 
excitation” (Kellogg)+ 

In explanation of the first of these alternative theories it should 
be remembered that there are within the body numerous glands^ 
sonic of whieh^ like the salivary glands, bver or pancreas, have 
ducts conneettd with them, and these duets bear away a definite 
secretion which, like the saliva^ pancreatLc juice^ and bile» lias a 
particular and well knoiva function. La addition there is the group 
of so-called ductless or endocrine glands, such as the spleen, the 
thymus and thyroid bodiesn and the suprarenal capsules. These 
are sometmies of conaiderabie erne and very constant m a lai^go 
number of vertebrated animals; hence their importance is manifest, 
but is not in every inatanoe clearly undergtond. They seem^ how- 
eveip to have a very vital regulating function of one sort or anothet 
and their serious derangement is alw^ays follow^ed by or concomitant 
with disease- The reproductive glan^i^, especially those of the malCj 
are often large, seemingly unnecessarily so if procreation is their 
only fimction. Ductless glands known as interstitial Imve been 
demonstrated In esonnection with the testes or ovaries as the case 
may be, so that, in addition to the normal secretion" of sperms 
and ova, there m poured into the blood stream an ^Tntemal secre^ 
tion*' consisting of the chemical messengers or hormones, which 
are tnown to control or stimulate the development of certaiu 
secondary sex chameters, such antlci^, mane, or board. Cas¬ 
tration which removes the sex glands prevents the appearance 
of these characters; on the other hand, the injection of male 
hormones mto a castrated ammal restores its secondary sex 
deficiencies, 

iSteinach's experiments in which he reversed the reprt>ductive 
orgiiiis in the two sexes of guinea pigs gave rise to amaiiing results, 
as the male then developed female traits, bcjth physical and physio 
logical, and vice versa, although they were unable to produce 
young, (Parker). 

The excess of \igor in the male is due to the vastly greater task 
which the female lias of providing nourishment for the offspringj 
*:it]icr in the form of yolk in bird or reptile, or of inter uterine uour- 


SEXUAL SELECTION 


141 


iahment and milk in the mainnial. With approximately equal 
vitality to begin vi ith, the dmiu upon the female %i-ould lead to 
relative excess of energj^ on the part of the in ale which could man¬ 
ifest itself ID the development of the male chamctcriBtics. As we 
shall $ee in a later chapter (Chapter XXIIl), cti-ve animals arc 
characterized by depauperation, lesaeaing of stature due to Btarv'a- 
tion. Excess of energy is inconceivable on the part of a cave 
salamander or fish and therefore could not give rise to exuberant 
grow ths. This may answer Eigenmann's argument (see page 13S), 
at least in part. In order that the duty of procreation may not be 
shirkei:!, it is neceseiary for the male to have increased activity and 
sexual instinct in proportion aa the female is passive, which would 
account for the greater aexuai excitation on his part, 

A final explanation for secondaiy sex distinction js that of 
Emeiyj who believer that '"many cases of secondary sexual differ¬ 
ences are explained by the sudden appearanec (mutation) of an¬ 
other form of male or female, the persistence fora while of the two 
forms side by side, as now' exiata in numerous dimorphic species (es¬ 
pecially among insects), and then the gradual djing out (killing out 
by natural selection) of one of the two old original forms (the one 
like the other sex), thus leaving the other, or aberrant form"" 
(Kellogg), This explanation is also offered to account for the 
development of mimicry among butterflies and will be fujilier dis¬ 
cussed under that head (see page 213). Kellogg seems to think that 
aa an explanation for the development of sex characteristics it is 
rather far-fetched, but in the prometlica moth which ive have 
discussed the larger and more brilliantly colored individual is the 
female, w hich makes it diflicuU to apply the excess of male vigor 
theory^ to my the least, 

Morgan in his and Adaplaii&n enumerates no fewer 

than tw'enty objections to the theory of sexual selection. He says 
by way of summary: 

"'Oarwin’g theory served to draw attention to a large number 
of the most interesting dlfferenoes betw'een the sexes, and, even 
if it prove to be a fiction, it has done much good in bringing before 
us an array of important facts in regard to the cMerencea in 
secondary sexual characters.” 

Morgan does not think it has done more than thh for the theory 
moet^s with fatal objections at eveiy' turn. 
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CHiVPTER XI 

INHERITANCE OF ACQUIRED MODIFICATIONS 

Lamarck’s Laws.—Buff on, Enismus Danvin. and Lamarck^ as 
we saw in the first chaptaFp all developed evolutionary theoriea 
Avhich had one tiling in common, the inheritance by offispring of 
the modifications impressed upon the parent during its lifetime. 
Buffon believed that these modifications were the result of the 
direct action of environmental influences^ Frasnuus Dan^^n tliat 
they sprang from within through the rejxetion of Ibe organism to 
outside conditions, applying his theory to both animab and plants; 
while I^marck^s belief a compromise, setting forth \nGW3 
comparable to thoise nf Erasmus Danvin as applied to auimab emd 
of Buffon with reference to plants. Lamarck’s theory of evolution 
may be stated as follows: 

L The internal forces of life tend to increase the size of an 
orgaukm^ not only as a wholci, but in every part as well. 

2 , Each organ or part, is the outcome of a new movement which 
In turn is initiated by a new and contitmous need or want. 

3, The development of an organ is In direct propoTtion to its 
emplo> 7 ncnL Continued use strengthens the organ little by 
little until its full development is attained, w^hile dbuse has the 
opposite effect, the organ diminishing until it finally disappears, 

4, All that has been acquired by an individual organism during 
its lifetime Ls transmitted by heredity to it3 offspring. 

neo-LatnarckiaiL School.—I. 4 UTinTck’s second and third laws 
especially have a great deal of truth in them, but the crucial point 
iu their acceptance as evolutionary factors is the truth or falsity 
of his Last premise and herein lies the apparent impediment to the 
acceptance of his teaching, for the whole fabric of his theory" de¬ 
pends upon it, and as we have seen, the Weismarm law of heredity 
seems to controvert it beyond question. Nevertheless there has 
spning up a group of writeis who are in a measure the followers 
cf Lamarck aud to whom the name Neo-LomaTekianj opposed 
to the Neo-DarwiniaTi school {follovrci^ of Charles Darwin, 
championed by Weismann), has been given. Among the adherents 
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to the fonner may bo found many pathologists (students of morbid 
anatomy), whose researches show the wonderful plasticity of the 
imli^'idual body, and the paleoatologists, who see coutinually 
before tliem evidences of adaptation which seem to imply the 
action of mechanical forces (kinctogenesia) in their production, but 
few if any pathologists or paleontologists now believe in the in- 
beritonce of acquired characters. 

Among the better-known followers of this school may lie men¬ 
tioned Herbert Spencer, the German savants Elmer and Haeckel, 
the botanist Nacgeli, the American paU^ntologists Cope, Hj’att, 
and Dali, the zoologist Packard, and the student of recent verte- 
braldij Gadow, many of whom, however, did their work before 
Weismann’s objection was publhihed. What the effect of the 
latter upon their beliefs would have been, one can not say, but it 
would doubtless have been weighed very heavily by most of them. 
Weismann's theory of heredity admitted the possibility of the 
inheritance of acquired modifications among the Protozoa, lower 
Metazoa and lower plants, but not among the higher plants and 
animals; as tjsbom (IS^l) s&yg, however, it is diificult to see why 
so valuable an asset as the ability to inhent such characteristics 
aud thus to profit by the failures and successes of past generations 
should ever have ijeeu lost through natural ficlection. 

Weismann later admitted, aud the view has wide acceptance, 
that the germ-plasm might become modified to a limited extent 
by certain enviiomneatal conditions, but that such modifications 
led to general and unpredictable changes in future genemtions 
which might be entirely different from thnsse somatic changes in 
the parents which were directly produced by such environment. 

AcQvtnLD Modifications 

Acquired modifications are of such interest that it is well to enu¬ 
merate the various sorts in some detail. 

Restrictioa of Size.—Food supply profoundly affects the ulti¬ 
mate grow'th of an animal. A number of house-flies of the same 
species will be seen to differ materially in size around a certain 
average. This does not mean that the smaller ones are younger 
than the larger, for an adult insect when once it has attained the 
power of flight has ceased to grow. What [t does mean is that the 
small fly, unless it belong to a different variety, was unable tu 
secure sufficient food during its period of larval life, resulting in a 
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permanent dwarBog of the individual. Nothing is recorded, how- 
eveFp of any permanent effect of such dwarfing upon the meCj. 
while silk-^w'orma, if meagerly fed for one generation, fail to attain 
the full optimum of size as adults for three generations, even 
though the laiwffl are amply fed. With the succeeding generations, 
however, the moths i>ecoine larger and soon attain their normal 
sise. These temporary dwarfings are called inductioiis. 

Permanent d%varfing is known to occur,^ as in the case of the 
dogs owned by the Indians around the Hudson Bay irading posts, 
which have been in their possession about forty years and are 
now much waller than better fed dogs belonging to the sjimo 
original stock, but owned by the wliite men of the posts. Other 
instances of permanent dvrarfing are seen in the Shetland ponies, 
cf which the average height is about 10 hands, though many do 
not eseceed 9 hands. Wlience the ancestral stock of these ponie^a 
reached the Shetlands is unknown, some winters suggesting a 
Scandinavian, others a Scottish origin, but some of them are cart¬ 
horse-like in build, others inore slender and Arab-like. Whatever 
their origin, they arc unquestionably derived from a much laiger 
stock, and the diminution of size is apparently a direct response to 
cireumgeribed surroundings together with hard conditions and 
meager fare. 

In the islands of iMalta and Cji^ms have been foimd dwarf races 
of elephants, the adult individuals ranging in height from three 
to seven feet, relics of the old amues of migration when these 
Mediterranean islands were part of a broad highway of tommunica^ 
tion betw'ecn Africa and Europe. And here again the same causes 
which have dwarfed the Shetland ponies seem to have had their 
influence, for the small si 2 e and innumerable variations of the^ 
elephants are ascribed to the struggle for existence that such a 
reduced and unfavorable feeding ground would entail. These 
dwarf elephants are now" entirely extinct, but seem to have been 
of the same stock as the African elephants of to-day^ which in the 
fullness of their growth possess a stature second to no living teiv 
restriflJ fottri. 

The effect of these restrictioiii^ of food is in the nature of trans- 
mia'^ion of the maternal condition rather than tnie heredity^ and 
doubtlK^ for many genenitions the dwarfing simpb^ the result 
of ontogienetic repetition and meant nothing more; ultimately^ how'- 
over, the repeated star^* ing seems to have made itself felt in hered* 
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itj’, with the result of a pcrraimently dwarfed race (see, however 
page 14&). 

MutilatioDs have been one of the priocipa] lines of research of 
those who would prove the inheritance or non-inheritance of ac¬ 
quired eharacters. Even when practiced for many generations 
or even for thousands of years (eircumeision in man) these ap¬ 
parently fail to influence the unmutilatcd progeny in the slightest 
degree. Wekniann, for instance, experimented on white mice, 
producing no fewer than 901 young from five succc^ve generations 
of artificially mutilated parents, and yet there was not a single 
example of a vest igial taQ or any other abnormality in this organ. 

Hence we may safely say that variations due to mutilation and 
to disease are not inherited, otherwise in all probability none of ua 
would exist without some trace of hereditary crippling. Of the 
effect of climate, on the other hand, we are not so sure, for many 
of theobsen'ed changes which an animal undergoes as a result of the 
influence of cold or heat or humidity or drymess may be of an 
ontogenetic nature. 


Effects of Cave-Dwelling.—The strange modifications of cav-e- 
dwelling animats, which will be discussed in detail in Chapter 
XXIII, are the direct result, first, of lack of light in the loss of 
pigment and of organs of vision, and, second, of scarcity of food 
whieh gives rise to depauperated bodies and attenuated limbs. 
Certain organs, such as tactile or gustatory' structures, have hyper¬ 
trophied as those of sight have diminished, and while naturai selec¬ 
tion may be invoked to account for these well-developed structures 
xt cannot account for the atrophy of the others nor for the demu’ 
^ration. Panmixia (see page 103) might pemif these changes 
but 13 of questionable value as a cause. Both of the princinal 
^lencan students of cave faunas, Packard and Eigenmann fed 
the necessity of »me other factor than the Darw inian, and Packard 

has himself as follows with regard to the causes of pro- 

auction of cave faunie: - 

^ from light, even partial, to twilight 

or total d^.^, and mvoIvLng diminution of food, and com- 
pen^tion for the loss of certain organs by the hypertrophy of 

2 . "Disuse of certain organs. 

3. ‘■Adaptation, enabling the more plaatic forms to survive and 

perpetuate their stock. ouririveanu 
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4. '^'Isolatiorij preventing intereressing with out-of-door forint, 
thus injuring the permanency of the new varieties, gpecies^ or genera. 

5. Heredity, operating to seettre for the future the permanence 
of the newly originated fortns m Jong as the physical conditions 
remain the same. 

“Natural selection, perhaps, expresses the total result of the 
W'Orking of these five factors, rather than being an efficient cause 
in itself; or at least constitutes the last term in a series of causes. 
Hence Lamarekianisin in a modern fonn, or^ as we have tenned it, 
Neo-Laniarekianism, seems to ua to be nearer the truth than 
Darwinism proper or natural selection." 

Inheritance of Instinct.—Instinct has been dcGiied as 
natural unrea^ning impulse by which an animal is jiu^lded to the 
performance of any action, without thought of improvement in 
the method" (Webster). It usually implies an action based upon 
inherited knowledge, but, judging from experimentation upon 
living animals, that knowledge b the result of trial and error upon 
the part of individuab which ultimately becomes part of the 
heritage of the race. 

Birds are particularly interesting in this regard, for they po^essi 
so many instinctive traits, not only of food-getting and defense, 
but neat-building, nugration, learning to fly in the mode character¬ 
istic of the species, and song. Many of the?;^ things have been 
attributed to actual instruction on the part of the parents or, in 
the case of the nest-budding, to a recollection of the natal stnieture, 
but William Beebe tried the interesting experiment of mbing a 
number of wild birds from incubated eggs- These, while never 
having had parental oare or example, nevertheless manifested in 
each instance all of the instinctive actions of their race, although, 
as Beeix; says, they were in some cases slower than they should 
have been about learning to fly, the matemal insistence being an 
aid in overcoming a very natural timidity on the part of the 
fledgelings. 

So many of the curious manners and customs of domestic dogs, 
such as turning around three times to stiimp out a lair, are doubts 
less relics of formerly valuable mstinct, of little present worth to 
the house-dwelling associate of Diaokmd, but perpetuated by 
heredity. 

Ontogenetic Variations—It is often a matter of great difficulty 
to determine whether characteristics shown by au animal are those 
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of the mi3e (phylogenetic) or thoase of the mdi^ldiial (ontogenetic)* 
even though observed in n number of suc<jessive generations where 
the life conditions remain the same. An interesting example is 

the brine'Shrimp 
(A rtern (a Galina) 
which has a wide¬ 
spread distribution 
from Great Salt 
Lake* Utahj to 
Central Asia. This 
creature ia remark- 
abJe ip several 
ways, aa it can live 
in a 27 per cent 
brine solution on 
the one hand or in 
fresh water on the 
other* In some 
places the colonies 
seem to ixj dto^ 
gether female, and 
parthenogenesis is 
the rulcj the i^'ggs 
developing without 
being fertiUzed. In 
other localities 
males are common 
and reproduction m 

t ^ biparental. Some- 

10- . SUcJdtbadc fidiea, m|apAr£Hs times the brine- 

to, dntogcBi^tic vwiatio., of ptat« and ■ 

Bpin«a M a mspanac to vaonn* salt conlMit of the P Vi'npa- 

i^ter. Uppermart figure euUected in aalt water, rous, the e^ES 

^reiuftow and AmWi Lift. ID. Appteton and brood-sac of the 

»ay be bl„,„ .bo,., by .bo wiod 0, e„i«j 
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from one salt pond to another. They Imve also been bred from an 
English commercial product known as "Tidman's Sea Salt,” of 
which a solution was allowed to stand for several days, A fresh- 
water ally, Branehipust is said to be inerely another phase of 
Artemia, the distinctions, as in most of the peculiarities of the 
latter genus which have been described, being largely due to the 
degree of salinity of the medium. If this be true, most of these 
variations are ontogenetic, as the transference of eggs to other 
conditions tlian those under which the parents lived would at 
O'Uce give rise to a variant from the parental type. 

Experiments by Loeb upon the unfertilized eggs of sea-urchins 
have shown that artificial parthenogenesis can be caused to occur 
by chemical stimulus, either by adding or suppressing certain salts 
in normal sea-water, which is suggestive of the parthenogienetic 
conditions of certain colonics of Artemia mentioned above. Owing 
to the brino-shrimps’ method of dLspensal and the fact that salt 
ponds arc often isolated and of various degrees of salinity, the 
change of habitat is apt to be an abrupt one which renders in- 
di'cidual adaptability a highly necessary asset. 

The little fishes known as sticklebacks (Costerostcits caiaphractus, 
Fig, 20), which have such curious nest-building habits, also show 
an Ontogenetic variation dependent upon the chemical content of 
the water. Those living in salt water have from twenty to thirty 
bony plates along the back, in brackish water these are reduced to 
from fifteen to three, while in fresh water there are none at all. 

As WT have seen, it is often difficult to say whether the adaptive 
characters w-hich are so often taketi as criteria of species are racial 
or individual; if the latter, even though we may not know' it, the 
form is an ontogenetic and not a genuine aptedes, and it is highly 
probable that many of the observed instances of what was taken 
to be inheritance of acquired characters are not such in the true 
wnse of the word but are simply due to the repetition of cause and 
effect in each individual generation. There is apparently an hered¬ 
ity control, however, for the adaptation to a change of habitat is 
not at random but always accortiipg to a definite plan, and gives 
rise to a predictable result. 

Summary 

To summarize what baa been said: Lajuarckism, even if true, 
would be incomplete in itself as on all-embracing cause of dvolu- 
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tioD, foi while there are certain chamctera which it could well 
explaiiij there are othera which it could not. 

Lamarekiam, therefore, ia certaialy not all-sufficient to account 
for the origin of new species, even if it were proved to be true; uor 
for that matter is natural selection. The latter seems, however, 
to be a factor of prime importance, as there is no iuipeduuent to 
prevent its impression upon the race as well as upon the individual. 
That acquired modifications infiuence more or less profoundly the 
development of eveiy being is certainly true, and in many instancoa 
repetition of acquired cifcctij, generation after generation, gives 
rise to ordogenetic species which may indeed emulate the phylo¬ 
genetic. For these characters to become racial, however, implies 
an inheritance the means whereof we know not, in view of Weis* 
mann’s brilliant but disqidoting law of heredity. Until the univer¬ 
sal application of this law shall have been refuted or a new 
mechanism of ii^eritance discovered, the Lamarckian factor as a 
means of evolution must be considered as unproved, there being 
no positive evidence in favor of it, but much that is negative 
^nst It. As J^an Huxley says; " Lamarekism is aelf-oontradic- 
tory, smec it maintains that * a past of indefiiii te duration is power- 
ksa to control the present, while the brief history of the present 
can readiJy control the future/' '—Ray Laakester 
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CIL4PTER XII 

ORTHOGENESIS AND KIXETOGENESIS 

Of the several hypotheses to account for the origin of $pedea 
which are opposed or Bupplemeotal to the Dana^iaian factor of 
natural selection^ two stand out sharply as of great hiiportancCp if 
they are Enally found to be tme. This proof can only be estab- 
UsJied by impartially conducted observations and experimentg ex¬ 
tending through years to come. At present the mass of evidence 
which can be offered in favor of each is to some extent nulMed by 
other well-attested facts^ and so the matter stands mbjudi^. Of 
these hypotheses that of orthogenesis stands first, although it is 
not an explanation of evolution but a statement of possible fact* 

Orthooesesis 

Orthogenesis (Gr. straight, and yivttri^, production) m 

the assumption that variations and hence evolutionary change 
occur along certain definite lines impelled by laws of which we 
know* not the cause. Thomson says of it: '^'We must be on our 
guard, however, against the po^ible fallacy of concluding from the 
apparent orthogenesis in fossilized and survuving stage$ that there 
was no zigzagness and pruning in the process. Types may have 
had their waywardness gradually sifted out of them/* 

(Mhogenesis ha*s been proposed in explanation of several phe¬ 
nomena for which natural selection seemingly cannot aecounti 
such as: 

1 . The beginnings of advantageous modifications by the selection 
of iudividual variations occurring in ever^' direction of change, for 
it IS evident that unle^ a character appeared at once in a degree 
of development to give it selection value it would be difficult to 
account for its beginning. But the teaching of the Neo-Dar¬ 
winians postulates the selection of minute random variations as 
well m such saltations as the idea just stated would imply* 

2 . Disadvantageous structures or degrees of development, such 
as structures w^hich have apparently evolved along fixed and scem- 
ingly not advantageous lines, and the development of parts beyond 
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the pobt of greatest usefulness, even so fiLr as to lead to individual 
death or racia) extinction. Paleontology reveals to us repeated 
instances of the evolution of character? which lead on to extinction, 
such as the huge, unwieldy size of the sauropod dinosaurs; the 
growth of excrescences, observed in the armored and horned dino¬ 
saurs, and, later in time, in the Irish deer (C€ivu& megaceros); the 
uncoiling of the shell-bearing cephalopods (ammonites and nau- 
tilids): all of which are examples of development along disadvan¬ 
tageous lines or to disadvantageous degrees. When these are 
observed in a race a wholesale thinning of the ranks, if not final 
extinction, may be confidently predicted. Natural selection im¬ 
plies racial improvement, and the development of advantageous, 
not detrimental, structures; hence the theory of orthogenesis has 
been proposed to account for the latter as well as the former. 

3, l>egenGracy and the losa of structurea. As we have seen, the 
reversal of natural selection would account for the elimination of 
a character formerly useful but which, in altered circumstances, 
has become a positive menace to survival. On the other hand, if 
the structure becomes merely valueless, cessation of selection 
would account for its diminutiOTi but not for its utter elimina¬ 
tion. Orthogenesis has been offered as a supplementary ex¬ 
planation here. 

Explanofiens of Orthogenesis 

The tivo principal explanations of orthogenesis, those of Naegeli 
and Eiraer, have been stated by Newman: 

"Cart von Naegeli's ideas . . . involve a belief in a sort of mys¬ 
tical principle of progresaive development, a something, quite in¬ 
tangible, that exists Ln organic nature, which causes each organism 
to strive for or at least make for specialization or perfect adapta¬ 
tion. . , . Naegeli believed that animals and plants would devebp 
essentially as they have without any struggle for existence or 
natural selection. Hence this form of the orthogenesis theory 
is , . . alternative to natural selection.” 

Theodore Elmer’s explanation is more scientific and less mys- 
U<^ tkan Naegcli’s. "He believed that lines of evolution were not 
Q^ce^neous and haphazard but were confined to a few definite 
directions, determined at their initial stages not by natural selec¬ 
tion but by the laws of organic growth, aided by the inheritance of 
acquired chameters. A new chameter makes its beginning as 
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would the first step in a slow chemical changej or series of such 
chougeSr and it iiiu^t go through to a fixed end, under given con¬ 
ditions^ just as surely as does the chemical process. Only when a 
given character or line of evolution results in the production of a 
very positive advantage or disadvantage to the species does natural 
selection step in to interfero with orthogenesis. The causes of 
orthogenesis are said *ie be in the effects of external inBuences, 
climate^ nutrition or the given constitution of an organism.^ 
Natural selection is therefore subordinate but not dismissed," 

Orthogenesis Contrasted with Ortho-Selection.—At first sight 
there seems to be no real distinetion between orthogenesis and 
descent controlled by selection^ as the latter must also lead to 
evolution along certain definite lines; in fact* it can produce no 
other kind of evolution. Where modification b the result of the 
eliminationj through the selective struggle, of all other lines of 
variation* it may be called ortho-election. In orthogenesis, how^ 
ever, the lines of variation are presumed to be predetermined; 
hence the resultant lines of evolution are also. 

PosUivc Eridences for Ortho{}cn€sis 

1. ParalleHsma^—Analogous or parallel variations are of fre* 

quent observation ► They are the mcKlifi cations of similar charac¬ 
ter which appear in different branches of the same large group 
Or in unrelated groups, although in the latter case they are often 
called convergences. Comparative anatomy has revealed many 
examples to ^how that modifications in a definite or detemiinate 
direction may be seen in all the sub-groups of a large family, al¬ 
though appearing in varying degree in different species. Examples 
are the total reduction of the ade toes among the artiodactyb 
which has cxrcurrcd in several unrelated genera* such as the 
giraffe, camel, and prong-buck A still mors re¬ 

markable Instance would be the parallelism which existed between 
the pi^udo-horses of South America and the true hon^s of the 
northern hemisphere, both hnes showing a three-and finally a 
one-toed condition owing to the progressive shortening of the 
lateral digits and proportional strengthening of the middle on© 
(see Fig. 21). In this instance the relationship is quite remote, 
although both races belong to the ungulate group. 

2. Over-specializatfons are th© numerous ^'excessive structures" 
which are developed far beyond th© limits of usefulness. Such^ for 


154 


ORGANIC EVOLUTION 


¥ 


' < *'/ 



example, are tbe tusks of the wild hog {Sabtruisa af/urtts), the 
huge horns of the “big hom” sheep, or the enormously elongated 
and slender neck of several weevil- or snout-beetles like Apoderui 

fe/iiussimtis. One of the dolphins, 
Mesoplttdan, has a mouth which 
can be opened but a little way 
when the animal is full grown, be¬ 
cause a low'er tooth grows around 
the upper jaw on either side. Such 
excessive structures, which have 
probably contributed to the extinc¬ 
tion of many former species, iucludc 
among others the tusks of the Jef¬ 
ferson mammoth and the antlers of 
the Triah deer. 

3. Constitutioiial LunjtatioQs on 
Variatioa.—The constitution., or aio 
tual chemical com position of the 
body, permits, as a rule, changes 
only in a few directions. The 
breeder of animals or plants may 
not always produce any desired 
form Or color* N o one has yet suc^ 
ceeded in producing a blue Afof. 
WnniC, a grass with di-vided leaves, 
a hen with a parrot's beak." And 
we can be confident that a noto¬ 
chord can never appear in a beetle. 
The fact that an animal hetonga to 
a given group renders the possibilb 

n,. r«. J*' 

Iwnca A, ttitee-tDcdi>ia(iiapA(iTut, narrowly, limited- “In 

Miocene of South Amcnca; b[ connection it should be men- 

biologists have 

bnuth Amenea. nstunil seen in thf= c .t. ^ 

a»e. (After Matthew.) rest nctton of the range 

“ variation which inevitably ac- 
wmpMies specialization an important factor in the detemina- 
tion of lines of descent, 

4. The correlations which bind each organ to others also m- 
strict the range vaiiation. 
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5. Facts from Peieontology Supporting OrthogenftsLs. —Mauy 
facts of pflJeontology seem to prove the existence of orthogenetio 
evolution. Wherever suiTicient material permits the working out 
of a phyletie series^ we alwajf's sec a compamtivel}^ limited nmu- 
her of lines of developmentp which, except for occasional lateral 
branches, run essentially in straight lines, in gradational steps. 
Such for example are seen in the fossil horses (jiee Chap* 
XXXVI). 

The euapa of teeth in the rnanunals afford interesting iiiEtances 
of orthogenesis^ as they enierge complete and do not depend upon 
use for their prodiicthm; In fact, use destroys rather than per¬ 
fects them, yet they appear iDcIcpendently but ahvay^ in an adap- 
ti%'e position in many orders of oiammals. From observing the 
initial trend the ultimate tooth pattern may be often accurately 
predicted. 

Osbom^s exhaustIve study of the titfUiotherea^ a group of huge 
Tertiary perissodactyb, has led to many unportaut generalizations. 
He says- 

“ Every kno^vTi step of this transfonnation (of the titanothercs] ia deteF- 
niinate and defmite, eveiy' additional clTaraeter which lias been observed 
arises according to a fixed law and not according to any principle of chance. 

uletm principal branches which radiate from the earliest known 
forms iEDtiiaTwps p^aryi) of this family, exactly siriitar new charaetora 
arise quite indcpendeDtly nt difTcrent periods of geologic time which 
separated by ln|i5cs of tens of thousands of years, 

**In certalo branches the horns appear thousands of yi^na later than in 
others and after their appeamnee may exhibit & singular inertia, or bek of 
Jjiomentump ov^t a long period of time. Every character lias its O'wn rate 
of Velocity both in individual development and in racial development 
le volution).” 

^'The phyletic series * . * of recent species also show, iwhere we arc able 
to trace thenip distinctin^^ single lines of development'^ (Kellogg). 

KiNETOGEXESLS 

Cope'fl theory of kiuetogenesisor "mechanical genesis^' has been 
accepted so widely^ eapeoially by paleontologists and pathologiEto, 
that it should be studied in some detail, with the vital objections 
wrhich have been raised agaiojjit it. 

The word kinetogen€^$ (Gr. movable, and ylv^Li, 

production) is thus defined: “The doctrine or hypothesis that 
animal stniotures have been produced directly or indirectly, by 
animal movements." Cope's ai^uments, especially as applied to 
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the veirtebmtcs, are ba^ upon the following; The vertebrates 
present two distinct advaotagies. Eirst, we have a more complete 
paleontolofpc series. Second, we have the best opportunity for 
observation and expcriinent on tlieir growili processes, since we 
ourwives and our companioiut of the domesticated animals belong 
to this branch of the animal kingdom. 


ilfet-hanics of fAc Vertchrale Skekitm 

Abnormal Articulations.—^Many of the data for experiracnfal 
work are found in the records of surgery, and from this source 
inferences have been drawn as to the constmetion of normal ar- 
ticubtions. Expetirnents Iia'i'e shown that io the case of iinre- 
duced dislocations or permanently bent joints certain predictable 
changes will always occur. That portion of the articular cartilage 
which fails to meet its fellow either throughout because of a 
limitation of its movement, or through dislocation so that it 
only Hiomes in contact with the soft parts, is permanently destroyed 
and, under certain conditions, a new articulation may be formed 
where a permanent displacement of the joint has occurred. 

The great plasticity of bone was the basis for the wonderful 
bloodless operation for the reduction of congenital hip dislocation 
invented by the famous Viennese surgeon, Doctor Lorensi, and 
demonstrated in .America some years ago. In this operation, the 
dislocated thigh-bone itself made the instnunent, pulled from 
the abnormal socket which had been fomjed, and the head, being 
placed m the partially occluded normal socket, was forcibly ground 
into it. This always results in the destruction of bony tissue in 
the motionless bone. The femur was then bound firtnly in place 
until, through the resorption of unnecessary material and the re¬ 
building of bone where it ivos needed, the socket was rpstorctl to 
Its onginai fonn, and then indti«d movement and massaging com 
pleted the cure. The opemtion successful in a high percentage 
ot cases where performed upon children of tenrler yearn 

Even the pressure of soft parts can cause the absorption of bone 
as shown by the interior cavity of the skull, which in many ini 
Stances retains a faithful impression, not only of the geneml nro- 
portions of the bram, but even of its convolutions and of the blood- 
vcsselfl in its membranoua eoveiings. 

Ho^ Articulations --Cope ilscs for illustration particularly 
the strong eomple.^ ankle-joint of the ruminating animals 
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deer, camels etc.) &ijd the horse, in whieh the motincip while wide 
in itfl f(:?rq^aiid-£ift ran^, is restricted to one plane of ^pacep result- 
iiig in a treble ton(^c--aTi!d-grDove joint which resists distocatloTi 
although it may be broten by force (see Fig. 46). The articula¬ 
tion lies between the upper bone of the anklop the astnigalua^ and 
the sliin-bone or tibia, the former, which is convex antero-pos- 
teriurly, having two keels which fit into corresponding grooves in 
the concave end of the latter. The lower end of the tibia pos¬ 
sesses a single keel which corresponds to a groove between 
the two a^itragalar keels. The fonuation of thi$ joint haa been 
thus explained: 

all bones the external walls are composed of dense material, w hila 
the centers are spongy and coniparat!\'e3y soft. The Ixme of the foot 
(a^trsgidits) is narrower, from side to side^ than the tibia which rests upon 
it (see I’ig. 46). Hence the edges of the dense sidewalls of tlie astragalus 
fall w'lthiu the edges of the cieosc side-ivallb of the tibia, and they liavc 
pressed into the more yielding material that forms the end of the bone^ 
and causing bone absorptsem, pushed it upward, thus allowing the side- 
walls of the tibia to embrace tlic side-walls of the astragalus. + . « 

'^The s^mle actl%'e cause that produced the two grooves of the low'er end 
of the log produced the grone of the middle of the upper end of the astrag¬ 
alus. Jleru we have the yielding low-er end of the tiViia resting on the 
equally spojig>' mateml of the middle of tlie astragalus^ There is here no 
question of tlte hartl material cutting into soft, but simply the resuit of 
continuous conctiBsion. TIte consequence of concussion would be to cause 
the yiddiiiR faces of tiie b>ncs to beud downwarti in the direction of grav¬ 
ity, or to rcniaiii in their primitive pusitEon w^hile the edges of the astrag¬ 
alus were pushed into the tibia. It they w'erc flat at first they would begin 
to hollow' downwattJ, and a tongue aljove and a groove below would be the 
result. . . . This inclusion of tlie astragalus in the tibia does not occur in 
the reptiles, but appears first, in the ^lamnialin^ which descended from 
them. . . Every line of Mammalia commenc^ with type* with an 

astragalus which is flat in the transiverse direction, or without median 
groove. From early Tertiary tintes to tlie present day* we can trace the 
gradual development of this groov'e iii all the lines w'hich haii’e acquired 
it. The upper surface became at first a little concave: the concavity grad¬ 
ually became deeper^ and finally formed a w^ll marked groove^' (Cojie)- 

The hLstoiy of the wrist joint ts similar^ and in many instances 
the articulation between the bones of the palm (metacarpalg) and 
sole (metatarsals) wfith their respective digits as well. This ia 
especially true of forms w'hichj like the speedier imgulates, have 
elevated the heel and w rist off the ground and walk upon the modi¬ 
fied claws, the hoofs. Where the foot is supported by a yielding 
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pad, as in the camel^j, the keels at the ends of the metapodiala 
are inctiioipleteiy developed, as their purpose, whore preaeut, is 
to keep the toes from spreading, and a yielding foot is a necessary 
part of the desort adaptation which the camels so admirably il¬ 
lustrate {see Chapter ^QLXVTI). 

Vertebral Column.—The vertebra! column amonK vertebrates, 
especially among terrestrial types, is a marvel of mechanical de¬ 
sign. Aquatic adaptation relieves the backbone of the creature’s 
weight, and hence the vertebra; tend to retain or re-acquire primi¬ 
tive aimpUcity of structure. The articulations of the verlebnc one 
with another are effected by the faces of the adjacent centra (see 
rh XI) or by the additional articular facets, borne on the neural 
arch, known as zy'gapophysaa. The reptiles exhibit the greatest 
variety of articulations, except those of the zygapopbysca w hich 
are fairly uniform, w'liile in the ttiammala the modification of each 
group of articulations is equally striking. 

The forms which the articubtions of the centra assume are four 
in number: first, the aniphioceloua (Or dfj4u', at both ends, and 
AmXor, hollow, said of vertebrie in which both ends of the centrum 
arc concave); the hall-and-3oeket, which may be proeoelous (Gr. 
xpd, before, concave in front) or opiathoccelous (Gr. airioSt^, be¬ 
hind, concave behind); the plane or amphiplatyan; and the 
saddle-shaped, in which the same face of a given vertebra ia at once 
concave in one dimension and convex in the other. Of these 
various sorts the first is ohieHy distinctive of fishes and certain 
Reptilia {ichthyosaurs), while among mammals it is imperfectly 
developed, being only a modification of the plane surface and 
usually occurring in comparatively few vertebr®. 

The ball-and-socket type is mainly found in the neck of long- 
necked reptiles (dinosaurs), in the crocodiles, and in the mammals, 
where it permits the maximum degree of flexibility. Those mam¬ 
mals (periaaodactyls and artiodactyls) m which the ball-and-socket 
articulation ia found in the neck also show it, although in reduced 
degree, in the vertebra? of the loin, while the thoracic vertebra 
exhibit a tendency in the same direction. iTie saddloHshaped ar¬ 
ticulation, while characteristic of the neck vertebr® of birds, is 
prewnt in the mammals only in certain genera of monkej's. The 
majority of Mammalia have plane articulations on all of the verte¬ 
bra;. In those forms in which movement of the vertebne upon one 
another has become impossible, the centra cobsaify or fuse together 
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as in iht ifgioa known as tlie sacrum^ a variable Dumber of 

vcrtebrte, clependiDg t^pou the length of the ilia or hip-bones, unito 
to form a firm structure which is solidly articulated with the pelvic 
girdle. Among birds this codssifieation is apt to extend still 
further^ in some instances Lncluding practically the entire trunkj 
while iD the whales, the form of whose body render any inde¬ 
pendent movement of the head impossible, the neek is much 
shortened and the vertebrae^ especially in the whalfr'bone whales, 
unite into a solid mass of bone. 

There b, in all of this» abundant evidence of the effects of use 
and disuse p the ball-and-socket joints being developed where tbe 
greatest all-round flexibility is characteristic. This is therefore the 
prevailing type of articulation among Replihap the d^ree of its 
development being in direct proportion to the weakness of the 
limbs, for in the large and long-limbed terrestrial dinosaurs the 
articulations of the trunk and to a less extent of the tail vertebr® 
tend to become plane. In tbe mammals it ia best developed in the 
moat flexible regions, the neck and loin. The saddle-sbaped ar^ 
ticulation also permits consideitible flexibility, but mainly in the 
vertical and horizontal planed. The fact is that in the ancestral 
whales the neck was considerably longer than in their modem 
descendants and had its centra distinct, the shortening and final 
coalescence of the centra arose with the gradually increasing powei^ 
of locomotion through the water, wMch wcnild enable the creature 
to overtake and capture it$ prey v^ithout the necessity of using a 
long, darting neck to seize it in the ptirauit. The contrast is strik¬ 
ingly illustrated by the whale-like ichthyosaurs among reptilea 
on the one hand ftnd the plesiosaurs on the other (see Figs- 55, 58), 
In the former as in the w^hales the tail became the principal orgau 
of locomotion with, in all probability, a corresponding increase of 
speed, whereas in the plesiosaurs the more laborious method of 
propulsion by the paddle^like limbs made the speed of the creature 
as a whole considembly and necessitated a proportionately 
longer and more flexible neck analogous to that of the fish-eat¬ 
ing alligator snapping turtle (Macroctcfninys Of this 

vicious beast Agassiz says; “It does not withdraw its head and 
limbs on the approach of danger, but resorts to more active defence. 
It raises itself upon the legs and tail, highest behind, opens the 
mouth widely* and throwing out the head quickly as far as the long 
neck w ill allow, snaps the jaws forcibly upon the a^ilant* at the 


160 


ORGANIC EVOLUTION 


same time throwing the body forwjird so powerfully as often to 
come down to the ground when it has missed its object.” 

The wonderful complication of the axial mcchauLsm is shonm in 
its highest perfection in certain of the dinosaurs, for never before 
nor since has nature produced such mighty animals unsupported 
by an external sustaining medium. In one of the most remarkable 
of these forma, Dipiodocus (see Chapter XXX), we have an atiimal 
of relatively short body borne on massive column-like limbs and 
with an extremely long neck and tail, the former of which was exh- 
dently a very mobile and self-sustaining organ, while the latter, 
though capable of considerable movement and self-support, pietb- 
ably was either largely wator-bome—for the creature was at least 
semi-aquatic in its habits—or may have dragged on the ground 
when the animal came ashore. The entire fabric of the vertebral 
column is a marvei of lightness and ingenuity of design. The great 
mobUity of the neck is indicated by the highly developed (opis- 
thoecelous} ball-and-socket central articulations, but especially 
by the extreme lightness of the centra themselves, which are pierced 
by deep lateral cavities leaving a median dividing wall so thin as 
to be readily broken through. This mobility is also shown by the 
complexity of the indicated musculature, for the points of muscle 
attachment are well developed and numerous ketds and buttresses 
running obliquely in both directions across the centra and neiiral 
arches show the lines of stress not of few massive muscles but of 
numerous smaller muscles and tendons. Moreover, the neural 
spines, which are usually single, are here deeply cleft from the third 
cervical back to the sixth dorsal, mdieating the pairing of the great 
muscles which run along the mid-dorsai line of the neck and back, 
and t he independent action of the two members of the pair. ThLs of 
course is indicative of a wide lateral sweeping of the neck and head 

In the domal region the faces of the centra flatten, indicating 
little flexibility imliss the centra were separated by thick compres¬ 
sible path* of cartilage, a supF^sition which the articulation of the 
zygapophj'fles does not bear out. Here, except for the development 
of deep Literal cavities (pleurocceks) in the centra, the vertebue 
are relatively simple, indicating a similar simplicity of the muscula¬ 
ture. The sacrum is a massive stnicture consisting of three closely 
coalesced vertebra united not only bv their contra but bv the 
neural arches and even the dorsal spines, and a fourth vertebra 
the spine of which is free, although the centrum is well cobsaified 
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with the others. This last vcrtebm is interpreted as a caudal which 
age and lack of mobility have eauj=ed to unite with the vertebne in 
front^ The sacrum ia the fulcrum of the whole wonderful lever, 
and the coalesced spines afford a firm anchorage for the long mus¬ 
cles and tendons which run forward tow^ard the neck and backward 
to the tan—the tension meiiiber$ of the fabric. The saemm is very 
solidly fastened to the hip bones or ilia by miLssive processes which 
extend outwaril and backward and unite dlstally into a heavy 
roughened plate forming the abutment against which the ilium 
bears. The hip socket is larg^ ^^id thoroughly braced by thb liony 
plate and the bone {]>€?diiijeleJ extends downivard in front of the 
socket in such a way to meet the thrust of the thigh in ordinary 
standing posturo, in walking w-hen the hind limb is used to urge 
the animal fonvard* and aLjo if the creature reared on its hind 
legs, evidently a very feasible act ivhen the body was partially 
water-home. The obliquity of the transverse processes w hich has 
alread}'^ been described is such as to meet this unusual strain^ 

The tail lacked the great fledbility of the neck, but must have 
been capable of some lateral movement as well as a certain amount 
of elevation. The centra are again lightened but are by no means 
as complicated as are those of the neck. The transverse processes, 
especially on the anterior vertebra?, are widely expanded plabcis 
of bone, indicating pow'erfully developed lateral muscles- The 
tail must have had three uses: for swimming, somewhat as a 
serpent swimaj & movement which requires a certain flexibility 
but does not perhaps necessitate the extreme range of the food- 
getting head and neck; for defense, for the only visible weapon of 
w^hich the creature stood possessed wa^ some ten feet of slender 
w'hiplash-lLke terminus to its tail, comparable to that seen in many 
modem lizards and scTwdng as a verj" efficient fiagqlkiiit for the 
punishment of would-be offenders against the owner's person; and 
for temporary sjupport when the animal reared the fore quarters 
aloft. That this last need may have occasionally arisen is still fur¬ 
ther attested by tho occasional abnormal coalescence of two of the 
caudals as in the great specimen in the Carnegie Museum at 
Pittsburgh. These vertebnSj the estimated seventeenth and 
eighteenth, are at about the point where the tail would meet 
the ground in such a manoeuver. To gain a full appreciation of all 
this, it should be borne in mind that Xhpfodocua w'as one of the 
giants of geologic time^ stretching its mighty length through a 
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spiui ot eighty feet of more, of which some sixty-five lay without 
the pilJa^like supports, and therefore, except for the resting of the 
tail upon the ground or the support given by the water when sub¬ 
merged, the neck or tail must each have been capabie of being sus¬ 
tained by a single end. 

There is a wonderful freedom of design in the construction of 
the individua] vertebrae comparable to that seen in Gothic archi¬ 
tecture, for not only is each vertebra different from its fellows but 
even the two sides of the same bone may be unlike. The whole 
structure of the Dtpioducus skeleton is so perfect a response to the 
multitudinous stresses to which its various elements have been sub¬ 
jected that to one who can appreciate the design of a bridge or 
building or any other sustentative fabric the conclusion that it is 
the result of mechanical genesis is almost irresistible. 

Tendons which have the minute structure of bone are often 
preserved in dinosaurs, notably in the iguanodons of Europe 
and their American relatives, camptosaurs and hadrosaurs (Cliap- 
ter XXXI), and here the lines of tension are beautiTully indicated 
just as the keels and buttresses of the vertebrae give emdence of 
lines of compression. 

Limb Proportions.—Limb proportions also follow definite me¬ 
chanical laws which at first seem curiously contradictor^', for both 
impact (compression force) and strain (extension force), while 
opposite in their action, have the same effect upon bone, that of 
causing it to elongate in the line of the stress. Ttuosvcmc stress, 
on the other hand, would cause growth at right angles with the 
length of the bone. 

Speed adaptation generally resulta in the elongation of the two 
lower segments of fore and hind limb and the relative shortening 
of the upper, while relatively slow progression as in the elephant 
gives rise to a lengthentd proximal segment, tiiat nearest the body, 
the distal one remaining relatively short (see page 269). With 
the apes, such as the gibbon, in which most of the progress from 
branch to branch and from tree to tree is sustained by the arms 
the latter are cnonuously elongated aa compared with the legs' 
which are of relatively less use and are proportionately very abort! 
so that when the ape stands with the body practically erect the 
knuckles still touch the ground (see PI. XXVIIJ. A regular giadar 
tion has been shown by Huxley to exist between these extremes 
and that in terrestrial mankind, in which the Je^ are the longer. 
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th^ orang, chimpanzee and gorilla representing the intermediate 
stages in the order Daciedt the last standing nearest te man. If 
man^s legs are longer ttiaii his arms aa a result of theLr greater uscj 
their growth stimulus was whereas with the gibbon’s arms 

which are the longer the stimulus was a strain. The tree sloths 
(see Figs. 05, 60) also have greatly elongated proximal isegmeuls to 
the limbs, the hands and feet being reduced to curiou^i structures 
terminating in immense hook-tike claws. The huge Pleistocene 
ground sloths, on the coutmry^i although ret ainin g enough arbereal 
characteristics to point to a partial tree-dwelling ancestryi had 
comparatively short and ponderous limbs, but the relative lengths 
of limb-segments were retained, (See PI. VL) 

Archehn, the giant turtle from the Cretaceous of South Dakota, 
mounted in the Yale Peabody Museum^ had suffered mutilation 
during life, for the right hind foot is mksmg and the condition of 
the lower leg l>oneSj which lack their distal end, b patholo^Cr The 
most intereatidg feature, lioweverp is the difference in sixe of the 
two thigh bones, that of the perfect left limb being materially 
larger tlian that of the crippled right, showing the reijiult of the 
cessation of growth-atimulus with the loss of utillty+ But this is an 
ontogenetic instance and could not, so far as our knowledge goes, 
become evolutional; the other instances which are constant and 
predictable are the result of evolutionary processes, whatever the}'' 
may be. Cope and others have taken many other instances, such 
as the modification of form info radial sjmimetry for sedentary 
type^ and bilateral for the locomotor^ the mechanics of the teetlb 
of muscular development,^ of the shells of invertebrates; but enough 
have been given to show that numerous modifications of onimaJs 
cenfonn with mechanical law$ whether tnechames is the prime 
mover in their production or not. 

Objeclim^ to Kini^togenesis 

Several arguments have been offered by the opponenf-s of this 
theory of which the most import4tnt are: First, the apparently 
il lineal and self^contradlctory assumption that Ktimuh of different 
kinds produce similar results, while stimuli of the same kind may 
produce different results- Experimeut, however, has proved the 
truth of this apparently paradoxical statement* for the irritation 
of bone will produce either bone deposits or bone absorption ac¬ 
cording to the degrfifi nf irritation. Thus moderate stimulus^ such 


164 


ORG.4NIC E\'OLUTION 


aa the pressure and stretching mcntionetl above, may stimulate 
growth. Continued heavy pressure, on the other hand, causes 
bone absorption at the point of contact, 

A second objection which has been made to kinetogenesis is 
that if growth-stimulus exist, how can there be a limit to increase, 
ao long as the stimulus of use prevails? This objection is met by 
the assumption that the stimulua is atreas due to di-^harmony be¬ 
tween an organism and it,s cnvirotinicnt, and that kinctogenesis 
is the result of the eiTort on the part of the otganistn to overcome 
this lack of hairnoiiy. When the organism is sufficiently adjusted 
to meet the rectuirements of the en’i'iromneijt, et|uilibrium is at¬ 
tained, the stress is reduced to the point necesaarj- for the main¬ 
tenance of the mechanism in working condition, and further growth 
ceases, in easy circumstancca, where little or no exertion is neces¬ 
sary', ihere is not even sufficient stimulus to raise the mechanism 
to a state of efficiency, and the tlegeneracy of disuse results. 

Despite Cope’s arguments, this is one of the objections to his 
theory which is most emphasiised by its opponents. It will at once 
be seen that even if the objections above are met, a third will yet 
remain, that of the acceptance of the Ijimarckian factor of the 
i^eritance of acquired or ontogenetic modifications, upon which 
the whole doctrine of kinetogenesia seems to depend for ita inclu¬ 
sion among the potent factors of evolution. 

Osborn's Theory of Coincident Selection.-This objection 
Osborn has striven to avoid by his idea of " coincident selection ” 
which he states as follows: “ Indiiddual or acquired modificatioiB 
in new circuinstances are an important feature of the adult stnic- 
tune of every' animal, Some congenital variations may coincide 
with such inodifiTOtions, others may not. The gradual selection 
of those lyhieh coincide (coincident variations) may constitute an 
apparent uiliE^ritaDce of aetjuired modifications." 

Although these may occur they would hardly seem sufficient to 
account for the host of mechanical adaptations which exist. Many 
of tbcM may ontogenetic, recurring in successive generations 
through the influence on each individual of similar conditions with 
FMidtant similar adaptations. An illustration would be the tanning 
of the akin upon exposure to the sun in an otherwise fair indri'idual 
This would bo repeated in each successive generation as an onto- 
^netic m^ification. Ultimately a germinal variation in the 
direction of greater sivorthmess might occur. As this is a distinetly 


ORTHOGENESIS ASB KINETOGENESiS 


165 


advantageous variation in those exposed to the hannfu] rays of 
the sun» Natural Selection w^ould at once intervene to perpetuate 
it. Thus the ontogenetic modificationp while not in itself heritable, 
Avould serve as a safeguard until the germinal variation coineiding 
mtb it could be established. 
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THE EVIDENCES OF EVOLUTION 






SECTION L ONTOGENY 
CHAPTER XIII 
THE LIFE CYCLE 

The marvel of life nowhere more wonderfully dispLayed than 
in the development of the individual plant or animal from its 
minute beginning; and the continuation of it^ life in offspring which 
in turn nndei^o their mortal apan, handing on their life to other 
generations yet unbonip adds to the wonder. ^lan^ through his 
intelligence, and as a result of his inventive re-search, has made 
many marvellous things, and some of his creations are little short 
of miraculous. Take, for example^ the most intricate product of 
human manufacture, a battl^hip, into whieh thousands of tons of 
steel and other material have been fashioned^ fortning a fabric 
more complex in its gross anatomy than any created being, of 
huge size and great speed, with armor to protect its vitals, and 
guns w-hose projectiles leave their muzzles at a velocity which 
would p if continued, belt the globe in half a day^ dealing death 
and destruction to others like itself beyond the limits of the horizonp 
capable of combating the eiementSp safe alike in calm or storm ^ 
and possessing, as every' sailor knows, individual characteristics 
which accm almost animate. But this marvel is after all a mere 
mechanism, the product of human skill in design and fruition^ and 
between it and the simplest of nature's children there is a great 
gulf fixed which human intelligence will never bridge. For or- 
ganisms pn«sc 3 S the powers of self repair and procreation and can 
hand on their life and characteristics to their chiidrenp while the 
mechanism will sooner or later reach the end of its l]eing and noth- 
ing will be left of it but a pile of WTeckagO and a memory'. 

The Life Cycle 

Several distinct stages recognised in the career of any or¬ 
ganism, certain of which constitute the life eycle+ They are, briefly 
enumerated, the eggt embryo* adolescent, and adult, which in 
turn gives riao to the egg of a future generation. An additional 
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at«gc, not aln’&ys iDcludcd, is the senile, or tliat of old age, and the 
life of the individual is tenninated by death, which, however, al¬ 
though a perfectly normal plienomenoHj is not necessarily part of 
the life cycle and may occur at any stage of the organifini's career. 
If death occurs before procreation is aceomplished, the normal 
life cycle is not complete^ for, as the name eyefc implies, the full se¬ 
quence of events is from egg to egg, or if the individual be a male, 
from egg to spenn, 

or spore, is the initial stage in the ontogeny 
nf any organism unless it be asexuaJIy produced, and perhaps the 
greatest marvel of the organic world ia the minuteness of this 
starting point, for while an ovum the sire of a pin-head is a large 
one, many are microscopie, and a spermatozoon may be but titt smr 
of the ovum’s size! And these two uniting cells are the vehicle of 
inheritance and contain within them all the future ciiaracteristScs, 
physical, mental, and moral, wherein the offspring resembles its 
parents, be they rotifers, or dinosaure, or mice, or men! But this 
is not all, for Delage cut a very minute sea-urchin's egg into three 
parts, and reared a larva from each, and in another experiment he 
reared an embryo from ^of a Eea-nrchin's egg. Twin animals may 
often be obtained from one oiTim by effecting a separation of the 
first two cl^vage cells, and it is known that this is the way the 
so-ealJed “identicaJ" human twins are nomally produced. Pro¬ 
fessor E. B. Wilson, by shaking apart the four^Mlled stage in the 
development of the lancelet, caused the production of quadruplets. 

On the other hand, the eggs, especially of reptiiea and birds, 
are relatively enormous, because there is contained within the 
shell sulficient food in the form of “yolk" to sustain and build up 
the organism through its entire embryomc period. The maximura 
recorded size of an egg is that of the recentJy extinct flightless bird, 
the ffipyomis of Madagascar, the shell of which measures 9 by 13 
inches, while an ostrich’s e©; meaaiuca but by 6. The epyornia 
egg would therefore hold the contents of 6 ostrich e^, or 148 hen's 
eggs, or 30,000 hmiiming bird’s eggs (Lucas). There is rarely a very 
definite ratio between the size of the egg and the creature which 
produced it, for the apteryx, another flightless bird still living in 
New Zealand, whose bodily bulk is less than that of a hen, lays an 
egg measuring three by five inches and weighing about ono-third of 
Its onm weight. It is not surprising, therefore, that it lays but two. 

The presumption is, until we have e\ddetioe to the contrary, 
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thsit> in eomiGOD with nio$t other reptiles, except the viviparou^^ 
ichthyosaurs whose high-seas adaptation rendered it impossible 
to come ashore for e^-laying, and a few modem lizards and snakes, 
aH dinosaurs were probably egg-Iaying. If so^ the eggs of a 67-foot 
Bro 7 ilosaurus must have been huge, although even they may not 
greatly have e.veeeded those of the apyomis. 

Embryonic Stftge.^This is the period of developmi^nt from the 
beginning of cleavage until the assumption of free life, generally 
that spent either within the egg-sheU or within the body of the 
mother If she is viviparoua as in certain sharka, the above men¬ 
tioned reptileSj and the inamrnalB. Certain stages of det'elopment 
are common to all metazoan animals and the inference is therefore 
that these must represent ancestral stages tlirough which the 
Metazoa as a whole passed in the dim youth of their racial career. 

Lnmediately after impregnaflon, cleavage occun^, di\iding the 
egg into twOj then four, then eight, sixteen, and so on^ individual 
cells which remain attached to one another^ forming a solid aggre¬ 
gate known as the morula (dim. of L. wiortf^M, mulljertj'). Further 
segmentation produces a hollow enibrj'Oj the blastula (dim. of 
Gr. sprout), the cavity within being the segnientation 

cavity or blastococle (Gr^ hollow)* Ihe organiE^m now 

consists of a single layer of cells enclosing tho more or less 
voluminous cavity. In its simplest form the blastula shows no 
cell differentiation, but in the aquatic invertebrates it may be 
uniformly ciliated and swim freely through the water wdth a 
rotary movement about a definite axis^ one end of wdilch always 
points in the direction of progress. In many blastulse, especially 
such as are not frce-«wimming, the cells soon begin to differentiate, 
at the posterior pole of the frec-swimnhng forms or at the corre^ 
sponding portion of those which arc non-inotile. Tliesc posterior 
cells are generally somewhat larger than the anterior ones, es- 
peeialiy in those embJ 3 -os in which much food-yolk tends to con¬ 
centrate, and they wdl ultimately give rke to the vegetative tissues 
of the organism. The next stage is that knowm as the gastmla 
(dim. of Gr. yaoTiip, stomach), in w hich the embiyo becomes two- 
layercd, with a full differentiation into two distinct tuques com¬ 
posed of cells, the priiuaiy' requisite of a metazoan animal. This 
is generally the result of an inpushing or invagination of the cells 
of the vegetative pole into the blastoecelc, more or Ics obliterating 
it* The cmbrv'O is now a two-laycred or diploblastic sac. the newly 
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formed cavity lined by the invaj^ated cells being the primitive 
gilt or arehenteron (Gr. &px-i first, and ifTtpov, intestinej, 
while the opening to the exterior ia the gaatrula mouth or blastO' 
pore. Of the two priinitive germ-layera now formed, the outer one 
in the higlier Metaaoa gives rise to the integument, norvoua sys¬ 
tem, and sense onfans of the adult and is known as the ectoderm, 
while the inner one, from whieh the digestive tract and certain of 
its glands, such as the liver, develop, is known as the eudodenn 
(see Fig. 22), 

Lip to this point all metasoan development, whatever the ul- 
timate result, follows the same or strictly parallel roads, althou^ 




Band F in F, which B somewhat older than E, on^hqjf be^ 

moved; G, beginn^ nf gMlrukr inva^cinmlioii; H. eomplete KiBtrulfl. G and 
H sectioned as in F. (Alter models of A»tphimit by Hatechefc, fnwn WMor ; 


the exigencies of its life, causing the animal to be sedentary or 
free, and cspceiaJiy the presence and amount of food yolk may 
modify the several stages to a considerable degree. Now ^ come to 
the parting of the ways, when the least related go each their several 
roads, whieh ultimately branch into as many b 3 Ti'aj -3 as there are 
forms of life. The nearer of kin the creatures are, the later is their 
embiyonic diveigenee. 

Post-embryonic Life.—^The adoksceni stage is the period of 
youth, from the time when the embryonic stage is left until sexual 
maturity is attained, when the organism becomes an adult, even 
though its growth shall not have been completed. Often the 
young, once the embryonic stage is past, is a miniature of its par- 
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again it may differ from them so widciy that its relationship 
to those who gave it existence would never be even guessed. Id 
the former case the development is direct, in the latter indirect 
or by metantorpbosb, the adolescent form being called a larva. 

A familiar instance of metamorphosis is that undergone by the 
frogs and toads, in which the young hatch out as limbless, tailed 
larvae with tuft-like gills on either aide of the neck. The head is 
not constricted off from the body and the long tail bears a delicate 
w'cb of skin above and below which aids in swimming. The mouth 
is armed with a pair of homy jaws composed of numerous closely- 
set homy teeth. In the course of a few weeks, in some speeies, the 
limbs begin to appear, first the hind liml>s, later, apparently aud- 
donly, the fore. In reality the fote limbs have been developing all 
along, but w'ere concealed by a fold of skin, the operculum, which 
had previously grown over the gills. Later the creature’s lungs 
become functional, the tail shrivels, and it soon emerges on land as 
a perfect frog or toad os the ease may be. There are all sorts of 
modifications of this straightforward process, due to adaptations 
to various life conditions, but the fact of metamorphosis remains, 
although in some instuncea approaching veiy near to direct de¬ 
velopment. 

The frogs are instances of metamorphosis from a low'cr to a 
higher plane of life and most of the marvellous insect metamo^ 
phoscs are of a similar sort; but the change is not slivays progres¬ 
sive upward, and in some instances, notably where the adult is 
scdeiitarj' or parasitic and as a consequence degenerate, the meta¬ 
morphosis is retrogressive and results in an adult animal on a 
distinctly lower plane than when in the larval stage. The chapter 
on pariisitisni and degeneracy (see Chapter X\ II) will give several 
instances of this retrogression, and a single instance, that of the 
tunicates or sea-squirts, will suffice for the present. 

These animals (see Fig. 23) are in part planktonic, but- mostly 
sodentarj' henthonic forms, having a somewhat sac-like shape, with 
tivo orifices, one inhalant, the other exlialanf, through which water 
enters and leaves the body for the purpose of hmd-getting and 
respiration. Though chordate animals, the adult shows but one 
of the three diagnostic characters which serve to define the group. 
This is the pharynx perforated by gill-slits, the notochord and the 
ty-pically hollow' nervous system not being in cadence. They are 
present in the young, however, for there hatches from the egg a 
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tiny tadpole-likc creature which swims around in the sea by meanii 
a webbcxl tail stiffened by a gelatinous notochord. There is also 
hollow spinal cord* somewhat like that of the frog tadpolCj, except 
mar. mere is a very slight dliatation where one would seek to find 

the brain and this 
contains a very prim* 
itive sort of eye and 
^ another organ ivhich 
may represent an ear 
or an organ of equili¬ 
bration (balancing 
acnse). After a veiy 
brief life of freedom 
the larva becomes 
fixed first by a pair of 
adhesive organs and 
later by the outer 
tunicof cellulose 
characteristic of the 
group to which it be¬ 
longs, The tailj the 
notochord Jhe greater 
port of the nervous 
sj'stemj and the sense 
organs disappcaCj and 
the creature degener¬ 
ates into a stage of 
Fig development compa^ 

larva. bndnj c, mid; RMi, endcKtyie; ^ that of the 

Ap ini, mt^ne; fi, natcehond; odh^vc lower Metazoa Were 
t, tail, Onesitation indicate bv antiwi p 

irhieii iMili incurrent nad cscurmit^ orifica, 

On»l4y«iJjitged. (After Swiigw, Wddet.) "stoiy, the place in 
t j,™ . nature of the timi- 

cat« would be veiy difficult to fix; as it fe they are clearly a do¬ 
lled offshoot of the stem which gave rise to the vertebrates 
themselves. 


The fldtiit stage u reached as soon oa the metamorphosis, if such 
there be, is completed-with the insects the assumption of the 
powers of flight marks its advent. 'l\Tiile growth may continue 
for some tune, or even, as in certain fishes, almost indefinitely 












THE LIFE CYCLE 175 

the AT^imAl is geoeraUy sexuaLIy mature Mid parcnthciod is 
possible. 

Ultimately there comes senility, when the IxxJily powers begin 
to wanej procreation ceases, and the animal becomes less and less 
active and capable of protecting itscli It is thus more readily 
the prey of disease or of other rapacious forms, imd shortly death 
ends its career. Thompson Setou, who knew animals as few are 
privileged to do, tells us that among wild creatures practically all 
die a violent death sooner or later, and that what we call a “ nat¬ 
ural death as applied to mankind rarely if ever occurs among 
them. 

Length of Life.—In most organisms there is a definite limit of 
growth and when the size best suited to the needs of the species is 
attained further increase ceases. Exceptions apparently exist in 
certain water-borne forms such as the Hshes and whales, where the 
energy usually needed in overcoming gravity may be turned into 
growtih force and in exceptional cases w'Lll produce an individual 
far in excess of the normal optimum of siee. So it is witli the 
length of life. Some organisms which, like the annual plants, die 
when they have provided for the continuation of their species, have 
a very- deenite life span, the limits of which are determined by the 
procession of the seasons. Others, like the perennial plants, con¬ 
tinue to live, barring accident, until sere old age sets in with its 
warning of impending death. 

In those forms wdih definite life duration, egg-laying is often 
fatal, for in some animals, as in certain flat worms, there is no Viirth 
opening and the young are liberated only through the death and 
disintegration of the mother. The abdomen of a may-fly bursts 
during egg-laving and **many female butterfiics die after ovi posi¬ 
tion, and the same is true even of robust animaE like lamprejrs. 
The drone who succeeds in fettiiiKing the queen hivc^bee dies as he 
succeeds; aU the others who are unsueressful, jilso die. A male 
spider often laj*^ bis Ufe on the altar of sex, and the same is true of 
some scorpions'' (Thomson). In ereaturca which survive there ia 
also a normal duration of life, like man's three seore years and ten, 
which few attain and fewrer exceed. Most records of longevity are 
derived from observations on animals in captivity and hence, as 
the latter are sheltered from many of the vici^itudes of a wild life, 
may exceed the average^ On the other hand, as for mstance in. the 
case of the gorilla, it was formerly impossible to keep a captive alive 
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for more than a very brief exiistence, the life of “Dinah," a young 
gorilla kept in the New Vork ZouiugiCjii Park for eight months, 
being once & record. At all events, whether captivity lesssens or 
increases the aninmrs chance for Eurvival, its length of life cannot 
exceeil the potential longc'vity of its Bfrecies. 

Within each group of aulnnils, the duration of youth ia in rough 
agreement with the possible span of the whole Ufe, mid also with 
the relative size to which the members of the |>articLi]iir species 
attain, but this ia not without some very marked exceptions. 

The extreme recorded life duration of insects is that of the 
American seventeen-year cicadas or “locusts" {Vionla septendecim) 
which in the middle and northern states live no less than sixteen 
years iindciground, feeding on the juices extracted from the roots 
of planta. The spring of the seventeenth year they come out of 
the ground, burrowing up through the surface soil, and climb the 
trunks of trees, where they undergo their final moult and emerge 
as large four-winged buj^. They then pair, the female lays her 
eggs in slits cut in the twiga of trees, and before the season has 
waned the aclults are at rest, the eggs hatch, the young burrow un¬ 
derground and begin their long subtemaiiean lives. It is interesting 
to note that thirteen-ycar broods of what is apparently this same 
species occur in the southern states, doubtless a response to the 
longer growing period available in eac:h individual year 

Some recorded instances of longevity are: tortoise years, 
elephant 130, .wan, eagle, and parrot 100, mankind, omitting the 
biblical patriarchs, 70 yeans with (lerhaps liiO years as a niuxinuim, 
eea-anemone tMi years, horwe 42, craj^fish 20, and ho on; while 
the recorded age of the giant trees (seciuoias), some of which ante¬ 
date the Roman Enipire, gives the greatest known duration, As 
Thomson saj-s in The irojider of Life, several groups of animals 
may be recognizeil from the viewpoint of their life span: 

“(1) The first is that of the immortal unicellular animals which 
lunder ideal contlitionsj never grow old and which seem exempt 
from natural death. (2) The second b that of many animals which 
reach the length of their life's tether without any hint of ageing 
and pass off the scene—or arc shoved off—victims af violent death. 
In many fiidics and reptiles, for instance, which are old in years, 
there is not in their organs or tissues the least bint of age degenera¬ 
tion, (3) The third is that of the majority nf civiliwd human 
beings, some domesticated and some wild anuiials, in which the 
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decimal of life triarked by aormal (A) The fourth ia 

that of many huiuaiL beings^ not a few domesticated animalsj e. g.i 
horse, do|f, cat, and some semi-domesticated anUnals, notably bees, 
in which the close of life is marked by distinctively pathological 
^emlUg. It seems certain that wild juiiinab rarely exhibit more 
than a slight aeneseeniie^ while man often exhibiti^ a bathos of 
senility. This is due to the fact that the majority of wild animah 
$eem to die a ’violent death before there is time for fioiiesoeacep 
much lcs3 senility. The character of old age depends upon the 
nature of the pliybiological bad debt^^ some of which are more 
unnatural than others, much more unnatural in tamed than in 
wild animals, much more unnatural in man than in animals. Fur¬ 
thermore, ei^Tlized man, slicltcred from the extreme physical forms 
of the struggle for existence, can live for a long time with a very 
defective hereditary constitution, which may end in a period of 
very undesirable senility. Man Is vety deficient in the resting la- 
stinct, and seldom takcA much thought about resting habits. In 
many ca^es, too, there has come about in human societies a system 
of protective agencies which allows the weak to aur\dve through a 
period of prolonged senility. We cannot, perhaps, do otberwbe; 
but it is plain that to heighten the standard of vitality Ls an ideal 
more justifiable biologically than that of nierety prolonging ex¬ 
istence. For if old age be then permitted, it is more likely to be 
without senility. Those whom the gods love die young, 

Death is the final and pt^iniianent cessation of life functions, 
and, in higher animals at any rat^, seems to be a gradual process 
even though it may appear to be instantantHJU3. For although 
conscious ness has ceaifcd anti the heart Ls stilled forever, the various 
te^sue cells gradually succumb to starvation due to the cessation 
of the blood stream. With some tissues it is more gradual than 
with others, for instances are recorded of the growth of hair on a 
body for some time after general death. 

Curious inatanci^ of suspetuled animation also occur w^hich in 
some cases simulate death ao closely as to render distinction very 
difficult. A notable example is that of the bcar-animalcides, minute 
forms related to the spiders and st'orpions, some of which live in 
damp mosKp others In fresh or in salt w'ater. Those inhabiting 
ditches or other fresh-water pools subjected to diying become 
completely desiccated and are blowm about like partlelea of duat. 
If by chance they fail into w'ater^ however^ they become re-mi- 
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mated, expanding to their foimer size and taking up their life 
functions where they laid them down. Many instances of hiberaa^ 
tion or winter sleep, especially among cold-blooded forms, are 
also death-Uke. 
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CIUPTER XIV 

RECAPITCLxVTION, EXTINCTION 

RECAPITUL.\'rJO?^ 

The celebrated German savabt, Ernst Haeckel, conceived and 
set forth in the form of a law the wonderful eimiliirity ivhich exists 
between the life hbt(>iT of any GT;ganl'iim and the evolutionary 
histor>' of the race of bcin^ to which it belonj^s. This principlep 
Usually known as Hacckera biogenetie law (morphogenesis of 
H^'^att)! may be stated as follows: The life historj'^ of the Lndividual 
(ontogeny) gives a brief resume of the evolutionary' history of the 
race (phydogeny). Orp more briefiy, ontogeny repeats phylogeny. 

While this is in the main true, the phylogenetic record may be 
falsified in ontogeny in several ways* just as any historical docu¬ 
ment tnayr lack certain unportafit portions through the accidental 
Or intentional mutilation of the volume, or may bai^e epmious 
chapters added thereunto by a later hand. In some mstances 
the results remind one of the palimpsests—ancient parchments 
from which the work of an older scribe has been erased and over 
the almost indecipherable traces of the ancient writing a new pen¬ 
man has engrossed an inscription of later date^ Where the record 
is essentially correct in recounting in their orderly s€?quence the 
historical eventSj we may compare it to palingenesis (Gr icdXiVt 
agaiOj and production), in whicli tndy anc^rai charac¬ 

ters conserved by heredity are reproduced in development. The 
introduction of spurious matter may be likened to cicnogencsis 
(Gr, pfcur^, recent), in which non-primitive characters make their 
appearance in consequence of secondaiy^ adaptation of the young 
to the peculiar conditions of its euvironmcTit, The elimination 
of certain chapters finds its parallel in tachygencsb (Gr. 
swift), the acceleration of eharactm which are crowded back fur¬ 
ther and further into the embryonic life or out of the life cycle 
entirely. 

Palingenesis,— \Yh.cu one considers the millions of years of 
evolutionary life which have fallen to the lot of all m^anisms, Lfp 
as \vc believe, they have all evolved out of one primal creation of 
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life, »nd compares those untold ages with the brief span of in¬ 
dividual existence, he will see that the record is necessarily ao 
greatly abridged as to make a perfect recapitulatioo practically 
impossible. Nevertheless the metotuorphosis undergone by the 
commoii frog may be taken as a fairly typical instance of palin¬ 
genesis, ss there is little evidence in its life history, except in the 
developniont of certain iarval organs, such as the adhesive suckers, 
of any material fabsiheation of the record (see Fig. 24). 



Fid. ^ MetafiiorijhMia of tlie fro*, Sana Untporana. A, cftKU, gfeatly 
«!nW«i; h, twipolc with external gilk; C, hind Ioes appearing* D hi^™ 


The same may be also true of the ontogeny of the lower insects, 
but aa smn ^ forms like the moths are considered, especially such 
as have highly adapted larva?, as in certain of the mimicking fonns 
It IS at once e^dent tliat caenogenesis has been at work. 

C*aogenesis.—Among the inch-worms, or gcometrid larvse, 
protective mimicry w common, the creature being elongated and 
twig-like (see Fig. 25) in form, in color, and in its attitude when 
disturbed, for it throws itself out rigidly at an angle with the mp- 
porting branch to which it is attached by the hook-bearing Drot> 
legs at the hinder end of its body. This « dearly an adaptation 
to meet the vici^itndes of larval Ufe, and the whole insect is very 
. the form of a primitive species, such, for instance, 

^ the fish-moth, Upmna (Fig. 113), otCampod^, “the simplest 
hvmg msect. Then, too, the pupa state of the geoinctrid, in 
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ft'hich the iascet passes into a condition of quiescence and the map- 
velJous transformation into the adult take^i place^ can have no 
precise parallel in the tiistor>^ of the mee^ for It is inconceivable 
that a long period of racial dormancy. during which the evolution 
of winga was accomplished^ could 
ever have Occurred, 

Tachygenesis is the rule in ontog¬ 
eny, and numerous instances might 
he cited, but certain of the frogs 
and toads may again be taken aa 
typical instances^ for while in most 
of them the eggs hatch out in water 
and the young undergo the typical 
palingenctic development nientioncd 
above^ others sbow^ all degrees of 
the suppresaion of Lai^'al stages until 
metamorphosis is practically elimi¬ 
nated and development from egg to 
frog IS direct. 

" In some the eggs hatch on landp 
having been laid in holes, on grass 
or leaves, and when the tadpoles are 
hatched^ they wri^Ie into water or 
are w’ashed into pools by the rain. In 
othersp again, the eggs are laid on 
land, and the tadpoles have lost 
their gills before they are hatched^ 
but the metamorphosis is completed 
later on. In a few the complete 
change oecuns inside the egg, and 
when hatching takes place, little frog^ 
appear, sometimes, however, with a 
stump of the tail still left. In others 
the eggs are carried by the parent, and here, too, they may bo 
hatched as tadpoles or os perfect fro^'^ (Mitchdl). 

Yet another remarkable life history wherein the strict phylogeny 
IS departed fifom is that of Ichthyophy^ (Fig. 2h), one of the Gy^n- 
nophiona of the class Amphibia, These are curious, burrowing, 
snake-like forms with neither tail nor ILmba, but which, despite 
their degenerate specialization^ seem to have inherited more of the 


Fra, 25.—GMEdcLrid imva ob 
branchy The twig-rriLmicking 
dterpillar is the upper rij^Ut-haneJ 
pfnjcctiDq fpoTn the stem. (From 
JortLon and Kcllti^'ia ^1 nintisl Lifr. 
ID+ Appleton and Co,}) 
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chM-icteriatica of their ancient atcgoeephalian forebears thaa have 
any other living ainphibijms. The female of a species which Jives 
in Ceylon and breeds just after the spring monsooiij digs a bole 
clo^ to the surface near running water where the ground is moist. 
Here she lays about two dpssen eggs, around which she coils her¬ 
self, probably to protect them against other burrowing lis^arda and 
snakes, which arc very numerous. During the period of incuhationj 

if such it may be 
calledf the eggs 
swell to twice their 
fomer siiep and the 
mature embryo 
weighs four tune^ 
as much as the 
newly laid egg. 
The embryo has 
external gilla^ 
which, however, 
have lost their 
primal function of 
respiration for 
that of nutrition, 
for they move up and down in the fluid of the egg. The Jateral 
line seniieHjreans develop, organa of prime importance to all aquatic 
vertebrates but here functionlcss while nithin the egg, which may 
also be said of the fin developed by the short tail. When the 
cmbiyo has reached a length of about seven cm., the gills begin 
to shrink, and at the same time one pair of gill^jlefts appears at 
the base of the third estemal gill. When the Ian® are hatched, 
the gills are lost and the young animal takes to the water in a gUI- 
lesa state, although at the bottom of the aperture on either side two 
gill arches may be seen, and the larva frequently comes to the sur* 
face to breathe. The lateral scnE04igans and tail fin now fulfill an 
important function. The creatures seem to live a long time in the 
larval stage, but at last the gill-clefts close, the tail fin is lost, the 
akin assumes a totally new structure, and the fish-like lan a tiiraa 
into a burrowing creature which readily drowns when forced to 
remain in the water. In this instance the most striking tachy- 
genetic features are the crowding of the gills, which might weU be 
of niatcrial sendee to the aquatic larva, back into the embryonic 



Fia. 28.—Limblc^aoipliibuinr cmciUan, Ithihi^pk^s 
filtUirmar A, mature embrja, with taibfin, 

And somu CckkI yolk; B, femaJe" guaidinj; her 
coiled La a hole imdergroLuud. (Alter S&msiii, froni 
GmIowO 
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stage^ and tbeir assumption of a different rfile, and tie total 
elimination of any trace of legs from the life liistoryp althougli the 
G>TTinophiona must have been descended from ancestors possess* 
ing limbs. 

The Racial Cycle 

Students of fossil forma, especially of the rnoHusca, have come to 
recognize a series of definite stages in their piiyJogenetic career 
comparable to those of the tjT>ieal life cycle discussed In Chapter 
XlIL These are as foUott-s: 

Ep-^cme Aane F^r-^icme 

Ontoffenv ^^^*Tonic addlement adult seneacont 

^ ^ I nepioDic neanic ephebie gerontic 

Phylogeny phjio- phyloephebic phylogerontio 

neplonio neanic 

If the life cycle be represented by a curve^ the ascending limb 
wU] include the nepionic and neanic or what may be called the cp- 
acnie. DurLug the acme tlie summit of the cun^e is reached and 
the organism is in the full fruition of its powers. The par-acme Ls 
the period of decadence, when the organism^s failing strength is 
represented by the descending curve terminating in death. 

Shelia of molluscs, especially of gastropods and oephalopods, pre¬ 
serve the ontogenetic charactcrSi often in a single specimeap better 
perhaps than the remains of any other group, and have as a coa- 
sequence lent themselves especially to students^ of this interesting 
problem.^ notably the American paleontologists Hyatt, Beecher, 
Grabau, Jackson^ and P- Smith, Not only is this true of mol- 
luscst, but in a more or less complete degree of brachiopods, eehino- 
derms, and corals. 

In many of the gastropods and cephalopods e^ipeciallyj a singie 
shell of an old indUridual may have preserved a record of all of the 
changes it has undergone during the aatmars lifetime. Thu^ we 
can find at the apex of the coil the tiny embryonic shell or proto- 
conch* then the neanic portion, formed during the aniniara youth* 
simpler perhaps in omamentatioa than the adult or ephebic sec¬ 
tion when the height of development of all of the features, ridges, 
bosses, spines or complexity of suture characteristic of the species 
is attained. Then the gerontic or ^nescent portion m seen, ree- 
ognizablc by an increasing simplicity, comparable to that of the 



134 


ORGANIC EVOLUTION 


neauie shell but retrogressive rather than progressive Ln the as- 
sumptloD of characters. Furthermore, it has been proved by 
paleontologists that the several stages shown in tJie dcveloptnedt 
of a given shell reflect the adult condition of more ancient forms, 
presumably ancestral, Thits, the Living N^outilus, the sole survivor 
of a fonaerly abundant group of cephalopods, has a closely coiled 
shelJ, but the earlier cephalopods had not, and coUing was gradually 
Bssunied and sometimes secoiidurily lost in phylogeroatic types. 
In the counse of its development, however, A’auiiVus passes through 
arcuate (L. arcuoiMj, shaped like a bow), looae-coiied, then close- 
CMiied stages directly coniparabio to the aduits r>f the Faleoaoic 
genera and Cjyreoerfls, and the later representa* 

tives of its Own group. 

Another highly evolved Cretaceous cephalopod, the amirionid 
Pltuxtiticeras jnctficiitn, is charactcrizetl in the adult by conipJeJi 
sutures, the lines of juncture of the tran.^'erse partitions or septa 
which separate the chambers of the shell and its outer wall. In 
the development of its sutures the individual shell passes through 
simpler stages which are comparable to the adult struct urea of 
nautilid and goniatitic fonns, followed by stages in which the 
^pta are comparable to those of early Awtwiunftes before it assumes 
its adult generic fenturea (see Chapter XX \T). 

in the lamp-shells or brachiopods, the spirally wound buccal 
(mouth) arjiis which serve for food-getting usually have an internal 
hmy support which is an outgroivth of the inner wall of the “ihell 
Beecher and others liave shuwm that the stages in development of 
the e.vtenor and interior of the sheU and the brachial (arm) sup¬ 
ports can be closely correlated with adult characters of more primi¬ 
tive repreaentatives in the group. As has been said, while stages 
in development from the young to the aduJt are all progressive 
m sen^nw the stages tliat apprar are in the main retrogre^ 
aive. NaiitUids and ainmoaltb, which arr chamcterl^ad by close- 
coiled shells, build loose-coiled or even uncoUed adclitloiis' spe- 
Cialiscd Ammtmitcs, with complex septa, in seacsrenoe buU<l simple 
ffipta, thus assuming simpler characters comparable to those seen 
in their omi youth, and also comparable to the characters of 
adults m regressive (degenerating) series in their own groups (see 
Chapter XXVI). ^ ^ 

While shcll-b^ing invertebrates thus lend themselves admi¬ 
rably to the study of recapituJation, vertebrates as a rule do not, for 
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the skeleton^ chmiging as it doea with age, gives only the charac- 
teHstie^s of the oweer at the nioment of deaths and one rarely 
learn niueh of the ontn^geny from a aiitgle Individual or the portion 
of an individual' such as is usually available for study. Neverthe¬ 
less where several individuals of a species are known^ or the an¬ 
nually ^hcd an tie of a captive deer (see Fig. 27)* enough may 
be learned to show that the law of recapitulation holds with them 
as with the invertebrates. 

Persistently Primitive TJpes.—Both plants and animals m 
nature, as under domestication, show a remarkable variation in 
plasticity, so that while in the great majority time has wrought 
wonderful evolutionary gliaugea* with a few it is as though the 
world stood still and the ceaseless centuries paased over them 
without effect. In some cases isolation in a remote placOp where 
inter-specific competition has largely diminished, ig doubtless one 
caiLse of their cliangeless survival; others are in the thick of the strife 
but seem to be immune to the influence of changing conditions. 

Such* for example, arc and the Eimplcr Protoaoa and 

unicellular plant;^, doubtless relics from the remote Prntcrosioic 
age, unless, as seems hardly probable, life evolved from the lifdm 
more than once and these are the primitive stages of a later erea- 
tion, Orbulma and fjfotfgmnu, two foraminlferal Protoioa, are 
knov^m from the Ordovician and doubt leas existed long before^ 
vvhile among the Braehiopoda one relic type is Lingula and another 
Crunid, both dating also from the Ordovician, and persisting prac¬ 
tically without change until the prKS'nt. Nautitm, mentioned 
above, has persisted from the Tertbrj', and the family to winch it 
belongs from the Jurassic* t)f the vertebrates, an extremely old 
t3T>e is the Iimg-fish CerateduSf of which a modem derived genus* 
KeocjnratoduA (Fig. 132), a now foiuid isolated iti certain :\ustmtian 
rivers, and which dates from the Triasi^ic. The ancieiit Port Jack- 
son shark, lias pengisted ssinee the .rurassic and mem- 

bera of its family are found in Lower Carboniferous rocksr In 
many respects the ma^t interesting reHc of all is the tuatera (jSpAen- 
t>don) resident on certain small islands bordering the mainland of 
New Zealand—a Permian t^'^pe although somewhat modified from 
its Paleozoic aneestots. Spkenifdm is the sole survivor of an im¬ 
portant order of reptiles and is of great value to those who would 
revivify the creatures of other daj's because of the AckmI of Light 
which its structure throws on their probable anatomy. 
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These ancient forma are wiiat are called generaliBed or primitive, 
as opposed to specialised types, for they alone can tarry in their 
evolution while time rings in its changes. High spociaJimtion, on 
the other hand, means a relatively brief career. 

PhyUtgertmiic Charadeti 

Just as senility may readily be recognized in the individual by 
certain characteristics such as the graj-ing of the hair, loss of teeth, 
of upright carriage, of vigor and elasticity of step, so to the trained 
eye characteristics are discernible which may point to racial senil¬ 
ity. These have been recorded by the English paleontologist, Sir 
Arthur Smith Woodward, who arranged them under several heads, 
as follows: 

Relative Increase of Size.—One of the characteristics recog¬ 
nizable as belonging to racial senescence, although having no 
parallel in that of the individual, is relative increase of size far 
beyond that which is usual In the group to which the animaJ be¬ 
longs. In certain recorded instances among the prehistoric animals, 
such an increase was followed by eiftinction, and in several living 
esamples racial death is certainly threatened if not a very real 
probability, for, as we shall see, great increase of size is accom¬ 
panied by slow maturity and consequent lessening of the rate of 
incrense, which severely handicaps the species in the struggle for 
existence. An example of phylogerontic immensity Is tlie genus 
/Vodweius, of which P. yigariieui is the largest brachiopod known, 
sometimes attaining a width of nearly one foot, while most speciea 
hardly exceed one or two inches. Produdus was very abundant in 
the Carbomferous and Permian and then was blotted out. The 
cephalopod was another relatively huge form, while the 

living giant squid, Architeuthis, is by far the largest known in¬ 
vertebrate, reaching a recorded length of oO or more feet. Certain 
of the smaller cephalopods, on the other hand, measure but an 
inch or two, while between one and two feet would be a fair avo 
age for squid. 

Among vertebrates the Mesozoic dinosaum (see Chapter XXX) 
were truly gigantic, Brontosaurus with 67 feet of length and 30 or 
more tons of weight, but especially Giganiosatints, 80 or more feet 
long and proportionately heavier, occuiring just before the extinc¬ 
tion of their suborder; w'hile of carnivorous dinoiiaurs Tyrajmo- 
satirUB, the cuhninating form of its race, was the largest and most 
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terrible flfteh-eating terre^strifll ajiimal whose c5cis^e^ce m thus far 
revealed* Of livmg types, we have the giant whales, the spemi^ 
Greenland, and sidphur-bottcun, all gigantic comparecl Tvith the 
more oonservatlve dolphins and porpoises^ and rapidly nearing their 
extinction. The hippopotainua, exceeding by far aU other swine-like 
anifjiab, is also restricted in niimbera and habitat compared with 
former times^ while the eleplnuits are very few though 

formerly world-wide in distribution and extraordinarily abundant. 
Of the old African elephants which reach a stature of 11 to 12 
feet, very few are now ahvej and the most majestic species of 
alb ElephiiS ^nerldionatis of Europe and E. iTuperator of America^ 
are extinct. Of primates^ the gohlla exceeds all others iu siie, 
with the exception of occasional men, and he is now making his 
last stand against fate in the dismal fastness of the tbrk continent. 

Spinescence.—Another gerontic character found occasionally in 
all skeleton-bearing animals is spinescence, that is^ the tendency on 
the part of the shells of molluscs and of brachiopods, the external 
mail of Crustacea, and even the internal skeletons of vertebrates 
to produce a superfluity of dead matter. Id some instances spines 
and horns are undoubtedly of genuine protective value, or they 
may be ornamental structtirea, although the extent to which purely 
ornamental characters without other practical value to the or¬ 
ganism develop in nature is open to question. In genera!, such 
eKcrescences seem like grow^th-force run riot, as though with the 
lessening vitality iocident to racial old age, it is no longer ade¬ 
quately controlled. 

Examples are, among braebiopods, S^mfer^ m some species of 
Tvhich the hiDge-linc becomes elongated into spine^like processeai 
and Froductua h&rridus^ whose valves are liberally bedecked wdth 
spineg. Among molluscs there are a number of highly spioescent 
types, auch as the gastmpod Murex and the bivalve Spondyln^. 
Anaong vertebrates there is ft group of liaard-iike reptiles, Car¬ 
boniferous to PermLan in distribution, members of the order 
Pelycosauria, related to the living relic Sphenodon, mentioned 
above. These creatures tow'ard the close of their career were 
obaraeterized by the enormous elongation of the vertebral spLneSp 
which in extreme cases also bore transverse processes like the yard¬ 
arms on the masts of a square-rigged ship. Edapho^urus (Fig, M2) 
Was perhaps the most remarkable vertebrate from this point 
of view* There seems to be evidence that these Lengthening spirts 
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were iodependently acquired in more than one line of descent 
within this groupj but in aJ] ca&es the appcaranee of spinesceDce 
heraJds the extinction of the line. 



The dinosaur Stegosaurus 
(see Chapter XXNI) shows 
phylogerontic characters in 
at least two w-ay$—rapid 
increase of size over that of 
allied forms, and a marveL 
lous overgrowth of arniot 
plates and tail spines which 
heigliteos the bizarrerie of 
this most grotesque of l>eastfl. 

again is the last 
of its phylum, for no trace 
of the genus has ever been 
found in rocks of later date 
than the Morri^n formation 
which produced it. 

The deer are the most 
familiar recent instance of 
epincscence in the bony 
growths known as antlers 
which sunnount the brow. 
These antlers, wliich are 
periodically shed, increase 
annuallii^ in weight, corn- 
plexiiy, and number of 
points until the deer is old, 
la* yffor when they begin to simplify 

Ptn. AnUm of ataR, 9l^owiDJ^ ont^ again. An interesting reca- 
genetio JiidTcafle in eomplcntv. Berica Lq pitulation is shown, for the 

the Bfitieh (Nawt History), antlers of a vouniE animal are 

(From Romanes Dcnnn und afier Danrin, , , ' , animal are 

Copyright, Open Ckjurt Publishing Go.) comparable to those of fuUy 

a«lult Miocene deer, those of 

^mewhat later age to those of the deer of the Pliocene, while a 

st^ royal" id his prime beArs antlers comparable to those of the 

PJeistoceoe and Rncent dwr. Moreover, as ooe would expect, the 
deer which attained the maximum development of horns, the mtiat 
Irish stag or »elk/' is now extinct, and w^, know of no other rear 
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acm for their extinction than the racial senescence ukich the antlers 
imply. The not infrequent interlocking of the horns of two fight¬ 
ing bueksp resulting in their destruction by starvation or the at¬ 
tacks of other animals, shoii^'s that the point of greatest utility as 
weapons of defense and offense has apparently been exceeded, so 
that the structures are an actual menace to their posseaaor. 

Degeneracy,—Physical degeneracy is another phyloRcrontie 
trait, this tune paralleling certain senile charaeteristics of the in¬ 
dividual. Among these is Jew of teeth, which is recorded several 
times i fij^t, among the fishea such as the sturgeon and eertam 
deep-sea forms like the "gulpcr"' eel, Maerophan/nxt which e>i- 


A B C D ^ F 

Fia. 28 — Anllcra of deer, phylofenclic scrira. A, B, Cervm dierxerwi, Mid^ 
Miocene; C, V. mnihtrtmts, Upper Miocene; D, C. p^srdineiufijt. Upper Miocene 
and PEiocene; E, U. tMiodcrmaiJr, Pliocene; F, U. Pldstocene, (From 

Romancri’ D^rmn and a/ier Darwin^ Copyright, Open Court PyblifihiAg Co.) 

dentlj' feeds upon the l>ottoni oozes. The turtles, which are among 
the oldest of living rcptileiip had lost their teeth by Triassic timCi 
when they first appear in the rocks; the birds, which W'Cre toothed 
during the Age of Reptiles, have abo been toothless since its close* 
In each of these instaiiccs the jaws are sheathed with a homy beak 
variously modified, so that while the turtlea arc doubtless fewer 
than of old, the birds, except for man^s intcrfcrencep can hardly 
have begun to wane as a wholcp although many races arc extinct* 
Among dinosaurSp three phyla were, at the time of their extinctioni 
rapidly lo.^'ing their dental armament: the sauropod Dipiix/ocEW, 
85 feet in length, whose teeth arc slender structures no larger than 
lead pencils; Gmyod€rle&^ a carnivorous dinosaur of Patagonia; and 
S^ru^Aio»i^'^nns, one of the same group from the late Cretaceous of 
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Alberta and Montana (see Chapter XXX). Mammals occasion¬ 
ally show loss of dentition, notably the veiy ancient, cgi^-laylng 
monotremes of Australia and Tasmania and the anteaters among 
edentates. 

Another degeneracy is the assumption of an eeUiike, doibgtsied 
form which W. K. Gregory tells us has been acquired no fewer 
than forty-four distmet times among vertebrates alone. These 
have been the result of independent or homoplastic evolution, and 
the criteria which in almost every instance distinguish them are; 
anguillifonn feol-like) body with multiplication of vertebrae, 
gcphjTocercal tail (tapering to a point), reduced pelvic limbs, and 
usually predatojy habits. Gregory lists three groups of cyclostome 
bshes, one of sharks, a lung-Gah, thirty evolutions among the 
Teleostomi or bony fiahes, three among Amphibia, five among 
Beptilia, and one group of mammals, a remarkable record. 

EXTiNCTlOy 

Extinction in phylogeny has two aspects, each of which has its 
equivalent in ontogeny. Of these the one W'hich first comes to 
mind is racial death—the actual cessatiou of continuity with the 
blotting out of the line. The other is the transmuting of a given 
species into one of higher or more specialised type. The first is 
comparable to childless death, the second to the passing on of 
life to offspring- In each instance, except among the potentially 
immortal Protozoa, the iDdi\dduala die but the line continues to 
exist. 

Illustrations of the two methods of extinction may be found 
among the Miocene three-toed horses. Some, like the browsing 
"forest" horse, H-ypohi'ppus (ace Chapter XXXVI), died without 
issue, due to increasing aridity of climate and the consequent 
shrinkage of their natural Guvironment and food supply, together 
with the jq?ecialization of their teeth for succulen t vegetation only. 
Another horse, contemporary with WyjwAtppiM, was 
the blood of which, for aught vfe know to the contrary, flows in 
the veins of all existing horses, although Meryckippm 05 has 
ceased to be and may bo reckoned as an e.xtinet animal just as 
truly as //^Txijfiippus. 

In several instances among prehistoric forms extinctions have 
come with apparent suddenness so far as our records show, and in 
each instance without known competitor which could possibly 
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have worsted the race in an interracisJ strife. As 

tive« of these fonns often showed in one way or another cer^ of 

the phylogerontic characteristics which have been 

teference is that they died a natu^ death. 

dinosaurs, of which the Brst to be rendered extract were the 

Sanropoda, Brontosaurus and its kind, most of which 

before the final extinction of the dinosaurs as a 

the race had well-nigh run its course, we some o ■ 

others spinescent, others toothless, and the 

they died, but that they survived so long, for the ^ 

saurian dominance exceeded one huodr^^ *^4 f-oi death were 
Another group which seems to have died a ^ti^l d^ h n ra 
the so-called -fish-lizards” or ichthyosaurs (sw Fig. j 5) wmcn 

S:^ln1hehighscasofthcM^.oicalm<.t 

di^ -H, 1. 

were tbc iTios&sfliJ:rs or scfl- l i- 

S to to Upper CpttoctoPs, b“* «!>« tol.t.hyos.P.P »h.te- 
likc not onJy tolppcoramo but also to intcn^ habits, and uero 
moto nlSiB and^idtopraad to tboto prime than aer, he mo^ 
Ther^rtatoly could oot have been to compctitton outh 

PhSSf lor a '•^Krn.'t.r^d- 
th.toeai.to.=edur«ub.cto^t^c^^ 

the ».»« .pp„„nt cause at the elo* of 

plesiosaurs died abruptly wii^auu pp showed 

toe Me«.roto, M did the dtoosapie, toKl. hte toe latter, showed 

eigantle fornis toward the do* of their earaer. 

Causes of Extindion 

The eons., of 0«tihCi™ (tocid death) to *PP‘“ “ 

j.ue «* worked out by Professor Osborn (IWDj. 

have been admira y extinction-causes in forma 

As thew law^ as well, they may be briefly summarized, 

other than the 

toe election or selieideilto of laod maMea, with the 

wrought by t _» apvGrance of land-bridges, either facilitating 
resultant forma lo permitting incurslonB of hostile 

ILTp^lXT^pitltl'o. wSch caanol be witlctood. Re- 

F“ hro«r“^^ 

aSrX which do survive ate isolated from further competition and 
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ieneral extiaction of their kind dsewhera 

Wit^themoaotremeaQfAustrahaandSpWoaofNowZodan^ 

Changes m Climate.—Increasing cold is apparently a very do- 

«rtain fonns like the 

oxen the bibenan mammoth may become adapted to rigorous 
ohmate many more .vill faU. The last giacial period was a t£e of 

- 

Inere^ of moisture duniniahes the supply of liamher erassea 
which afford nourishment to the great host of gracing maS^Is 
and by the great majority of hoofed animals e.xtant areTtht 
nature. MoLsture also fosters the growth of poisonous plante and 

whmh they cao^. The latter are often the c^ereTdiJ^ 3 

dnmA k sleeping sickne®, which are fatal to 

c^omestic horses and, in the latter case, to men. Increase of mo^ 

Tk form effective barriers 

^ the migretmo of certain animals, and on the other hand afford 
migratory- tracts to the semi-arboreal carnivores like the jaguar 
Decrease of moiMure changes the character of the food Sy 
the length and severity of the diy seasons, removes foS 

through the permitted migre* 
t.on of invading hordes, and actuaUy causes the direct extinefe, 
of such fonns as the primates, wiiieh depend upon forests for their 
livelihood The extinction of primates in North .imeriea, with 
and ^ibly as a result of. the inerearing dr^-ness toward the cW 

Ka h “ histone fact, Duiiinution of the succulent 

_ rbage and increase of grasses, which are direct results of moisture 
dmimution, favor the greying but eliminate the browsing fo^? 
An instance would be the extinction of the browsing titanotheres 
and foi^t hor^ and the great spread of grasing homes, cJ^iela 
and ^ther gras^feeding tj-pes in the OiJgoeene and Miocene 

Changes in Living (Biotic) Environment.^— Camnt^iUtnn, - 

^ble ,«™ m. «ui wlil. «.e «i«p.obte?o™“r s 

thereby ,o rapid .volotiop, IbciDEdaptobh ota a„,l , 1 ,. ' ^ 

tion too severe to be met and consequently perish This canihi^ift 
may be brought about by one of two way': by ren d 
of cx>rtain toeal or native animal,, or by the 
animati, giving rise to the slow or rapid extinction of certain 
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forms. This may be due to direet compctUioa, as when a mother 
maraupLal is attneked by another animal; her young wtiich she is 
forc(?d to carr^'" bandicftp her greatly in compariscn with a placental 
motherp and her destruction means also that of her The 

food supply of larger forms may be destroyed by smaller grazing 
mainiiials. iSt, Helena, once heavily wooded^ has been rendered 
a barren rocky island through the introductiou of goats by the 
Portuguese in 1513, m they destroy the seedling trees and hence 
when the old ones died there w^re none to take their place. This 
must have had a profound effect upou the nati'v e forest^dwelling 
fauna. 

Restrictions of fsiiad ffffi result in the dwarfing of native forms 
through hard conditions and competition, as for example in the 
Shetland ponies, which are diivarfed far below the standard of their 
apecies. Certain islands in the Mediterranean, CypruSj ifalta, 
Sicily, and Sarthnia, have yielded the reiuams of Pleistocene dwarf 
elcphantSj all of which are now* extinct. These islands are relics 
of old migratory routes. 

The iniruduction of higher mrmwrous mammals often brings 
extinction to lower forms of a less w^ell-equipped tj'pe. The en^ 
trance of the dingo, a placental dog presumably of x\siatic stock, 
may well have been the cause of the extinction of the native mar¬ 
supial "wolf,” ThyhctjnuSj in Australia (see also page 124). Thy- 
lacynus is now conlined to Tasmania whither the dingo han not 
yet penetrated, but its remains arc found in superficial deposits 
in Australia, showing it to bo only recently extinct The migra¬ 
tions of the saber-tooth cats into South America during the 
Pliocene probably were a supplementary cause of extinction of the 
giant sloths, Mylodon and Megatherium. 

Internal Causes.— Inadaptive structures such a.s the kighlg 
^maliseii teeth of browsing qua«irupcds like the titanothcres, con¬ 
formable only to the needs of a brow*siiig form and incapable of 
supphing subsi-stence when the forests shrank and the grasses 
became dominant, may well have l>een an important factor in their 
sudden extinction. Uupragtessuve feet, such as those of the Ara- 
blypoda, archaic ungulates, could not bear their owners to the 
evolutionary g^al when the competitur^ were the swift-footed fore* 
bears of modern hoofed animals. Large aside from its indi¬ 
cation of racial senescence, is in itself a menace, as it requim moro 
food for its sustenance and there go with it slow breeding and a 
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long period of adolescence which multiply the creature’s chances 
for destruction before it can procreate its kind. 

tixtt&w ^pecializativn ahvaj's greatly increases the creature^s 
risk) for the unspecialized frequently survivo where the specialized^ 
whose domimnt organs may tend to over-developinont, perish. 

Osbom gives four measures of rnenM capacity in extinct types: 
(1) absolute size and weight of brain, (2) convolutions, (3) proper 
tio^te size of frontal lobes or cerebrum, the scat of intellect, (4) 
ratio of brain to body weight. Among mammals especially a 
premium has been placed upon mentality ever since their initial 
evolution, and the shrewder of two competing groups generally 
wins. In the competition of dingo and thylaeinc mentioned above, 
relative mentality, which is notably deficient among mamupialB’ 
may well have been the deciding factor. In the old-time competi. 
tion of archaic and modernized mauimats (see Chapter XXXIIj 
the former were handicapped by ioadaptive feet, teeth, and brain, 
and the last count especially was the one upon which they stood 
condemned. 

Ostom thi^ concludes: “PoUowing the diminution in number 
which may arise from a chief or original cause, various other causes 
conspire or are cumulative in effect. From weakening its hold 

upon life at one point an animal is endangered at many other 
points.” 


Morgan, T, H,, Eveiutiim ttnd Adapiion, 1903, Ck III 

Osbom, H. F., ‘'The Causes of Extinctitiii of Mamnialia," Ameriean Not 
Vol, XL, im, pp. 7«9-795, S2&-S5fl. Nat- 

Woodw^are, A. Smith, ‘^Address of the Pnaldent to the Geological Section. 
British Aifiiociaiion for the Advaaeejuccit of Seicoce," Scinux X™ &,-!«, 
Vol XXX. 1909, pp. 321^, ™™«.Aew Sines, 


SECTION MORPHOLOGY AND 
ADAPTATIONS 

CHAPTER XV 
COLORATION AND MIMICRY 

CoLOllAtlON 

Everj’one, whether a traine<l obscnTr or not, bos been struck 
with the wonderful range of colors borne by different iiiembera 
of the animal kingdom, and this is especially true in the tropics, 
where riotous color is the rule. In New England, on the other hand, 
conspicuous coloring is relatively rare. 

To the student of biologj', colorftlion of animals is of striking 
interest, for much of it is intelligible as part of the great adaptation 
scheme of nature; but all colors are not adaptive and sometimes it 
is apparently impossible to account for the existence of certain hues 
from the standpoint of utility. Our first question therefore is as to 
the means whereby color is produced, after which we may pass to a 
discussion of its significance. 

Color Production 

Color in nature is the result of some sort of interference with 
the tieams of white light, either through the absorption of certain 
of the component raj's, allowing others to be reflected to the eye, 
or by some arrangement of surface sculpturing or prismatic gla^ 
which refracts a beam of light and breaks it up into its constituent 
rays. The firat method is chemical, by means of the absorptive 
powers of a definite pigment, melanin, the oxidation of which 
produces the various colors, and the second is physical. 

Chemical Colors.— Pignicnt is found b nearly all portions of an 
animal’s anatomy, not only on the surface but b the deeper-lj-ing 
parts as well. In some instances the color is nierelj due to the 
absorptive powcis of the chemical substance of wJiich the tissues 
are composed, as for iastance, the hiemoglobin, a compound of 
iron which gives the red color to the blood of the vertebrates and 
certain worms, or hscmocyanin, which gives the blue color to the 
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bloody of the octopus. Both of these substfmees have a respiratoiy 
fuBction, aa they are the a'fygen-eanying media of the blood, and 
their color ia detemiincd just aa that of any mineral or chemical 
substance is dotemiined and has no other significanoo to the animal 
in which it is found. 

Again, the pigment may be external and give a color to tho 
organism which may have a real value in the strugjdo for existence. 
Such pij^ient soema to be primarily for that purpose, and the 
cells which contain it are differentiated into plain pigment, which 
gives an unchanging hue to the animal, that is, one incapable of 
rapid temporary alteration, and chrematophoies or changeable 
pigment spots, such as produce the flushes of color which pass over 
the skin of a charuelcon or of a squid. These are cells which have 
radiating fibere Ijing in a plane parallel to the surface of the skin. 
During a period of relaxation the muss of pigment lies deep and 
thus presents but a small visible area; ution contraction of the 
fibers, however, the pigment is spread over a greater portion of the 
surface and thus is manifest to the eye. Two sets of contrastingly 
colored chromatophoresj such as brown and green, expanding al¬ 
ternately, change the general hue of the animal from brown to 
green or the reverse as the ease may be, The chromatophores in¬ 
fluenced by the eyes and skin through the pituitary gland nroduee 
^lor chan^, as for instance in the African chTntleoiiTths 
Anicncan lizard, Andis, the false chameleon of the southern states. 
The effect of these chromatophores is greatly enhanced when there 
lira teneath them a reflecting layer formed of guanin, a substance 

allied to unc acid. This mechaniam is particularly effective among 
fishes, ^ ^ 

Physical Colors.—Another change or play of colors is caused liy 
surface structure, light falling upon wluch U reflected by finely 
incised parallel lines, often running in more than one direction, 
^d thus undergoing dispersion into its component rava The 
latter device is comparable to that used by ph%*siciats fors^ctrum 
analj-ais, and known as the Rowland grating. This instrument is 
generally made of spectrum metal which does not roarlily tarnadi 
upon which are niled, mth an engine of highest precision, some 
ten to twenty or even forty thousand parallel lines to the inch, A 
beam of light falling upon such a grating is broken up into its 
component colom, gi\-ing the rainbow effect known as the spectrum 
and comparable to that produced by the passage of the beam 
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thi-ough h. crystal pri-ma* The seiilpturcd surface of a beetle^a wing 
or the scales upon that of a butterfly or tlie feathers of a humming¬ 
bird's throat produce the saine Tcsult^ except that instcml of a 
series of colors sucb as those of the rainbowj but one may usually 
bo scon from a given pointj and this changes to anotlier when the 
angle of vision is changed. The tropical butterHy Morpho ranges 
from blue to a greenish huCp while the rijb\’^--throatGd bumming-bird 
or the neck of some pigeons changes from a brilliant metalhc red 
to a lustrous green. The scales of Morpho when seen under the 
microacope exhibit two sets of strise perpendicular to each other^ 
which accotints for the play of single colors rather thiin a apectrumj 
due to their mutual interference^ Strangely enough^ the actual 
color of the scaloa as seen by transmitted rather than reflected 
light is neitlicr green nor blue^ but brown. 

Biologi'c/il Significance f>J Colm- 

Indifferent Colors.—From the biological slandpointj the eoloi^ 
of animals may 1 m3 considered under various heads. Of non-selec¬ 
tion value but possibly of %dtal importance to certain ancestors of 
filfTcrent environment are certain so-called indhferent colors. 
Of such would be tbe biilliant scarlet of some of the filaments or 
fiTi-,-avs or bcjdy of certain deep-sea fishes. These coloi? ^ 
bomo by heredity, aud as they arc not detrimental, being mvisible 
ill the Stygian darkness of the deep sea, they are not eliminated. 
Colors or markings such as the spots oq the uniformly black fur 
of a mcianic leopard (sec below), or those sometimes seen m the 
coat of a domestic horse arc further iilustrations, 

Albiiiistn is total absence of color in hair, feathers, or skin, and 
even in the iris of the eye. The latter permits t he color of the blocxi 
to shoiv, causing the pink eyes so characterLstic of pure albinos. 
The hair and feathers are white because the tiny spaces which 
normally should be filled with piRment granules are full of am, 
which reflects all of the fight rays iust as froth or sea-foam 

^°7lelanian is the reverse of albinism, for instead of absence of 
pigment in the skin there is a profusion of black melanin, giving a 
totally black hue to the entire animal. In both albinism and 
melanism color markings may be plainly visible, but in the same 
manner that the pattern shows in a piece of brocade or damask 
fabric 4u albino ficacock, for instance, whose feathem are en- 
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tirely white, shows the eye-lUte markingH so characteristic of the 
tail plumes of the noraial bird, and the black leof^, as has been 
said, show's the spots in the same way. 

Both albinos and melanos often arise as sports or saltations in a 
brood or litter of normally colored individuals. That they are 
germinal variations is evident, for not only are they heritable muta¬ 
tions but they follow Mendel’s law in the ratio of their appear^ 
anee. Certain races of albino birds and mammals have been es¬ 
tablished among domestic forms, such as white mice, rabbits, 
chickens, and pigeons, while the silver fox is a melanic phase of 
the common red fox, Vu/pcs fiiltms, which, tliougb occurring 
sporadically among wild broods, is now a well-established and 
commercially profitable domestic variety, of which there are several 
distinct strauis. In nature these sports should be distinguished 
from normally w'bite or black species such as the various white 
species which inhabit the snowclad Arctic regions. Lack of pig¬ 
ment shows every degree of gradation from pure white through 
blotched or piebald individuals to those which show but faint 
traces of white. 

Valuable colors are such as evidently serve a direct physiological 
need. They have been classified under the foilow'lug heads aecoid- 
ing to the uses to which they are put: 

Sympathetic eolore 
Protective, of the hunted 
Aggressive, of the hunter 

Alluring colore (see under aggressive mimicry, page 213J 

Warning colors 

Mimetic colors 

Signal and recognition marks 

Confusing colors 

Sexual colors 

Sympathetic, cryptic, or concealing coloration is that wherein the 
hue of the animal harmonizes with its surroundings in such a way 
that it blends into the background and loses its conspicuousness 
in order to escape from its enemies or to he Ui wait for ita prey, as 
the case may be. To the first, the name protective coloration is 
applied, as in the case of an Arctic hare, while the second group 
may be called aggressively colored, the Arctic fox being an ex¬ 
ample. In the final analysis, however, both are protective, as it is 
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jxist m ei^ntial to the fox that he be protected against starvation 
as it ifl to the hare ihat he be protected agalost slaughter. 

The Bame species may vary in color in ttvo ways, known re- 
speetivcly as colors and colors- In the first the species 

has ft wide range over areas vao^ing in general hue, so that the 
ground color of the animal^ if ajmpfithetiC;, must also vary to har¬ 
monize. 4!5everal grasahoppers (Acridida&) whose hind wings are 
brilliantly colored red or yellow have the fore wings (beneath which 
the hinder onea fold when at rest), as well as the remainder of the 
body I colored to harmonize with the earth. Those found upon the 
area of the red shale in New Jersey, for instance, will have reddish 
brown fore wings> w'hile the same species near the sea-shore will be 
light gray to hamioniae with the prev'ailing sands^ The gazeUe, one 
of the most wonderful Instaoiisfl of desert adaptation, varies from 
wfhite on the great sand plains to dark gray on the lava fields of 
volcanic districts. Among the hawtirioths the caterpillar of that 
found on the convolvulus (SpM^ com^ohuU) when full grown is 
either green like its food-plant or brown like the ground beneath. 
It thu^ $how$ a double adaptation, each phase of which is ap¬ 
parently capable of protecting it to the same extent; as a matter of 
fact, however, the brown color is more effective tbarn the green, 
as we may Icam from two facts. In the first place^ the four ^oung 
stages of the tftterpillsj are green, and it only becomes hrowm in 
the last stage, though sometimes even then it remains green. 
This Buggesfa that the brown is a relatively modem adaptation, 
and probably would not have arisen bad it not been better than the 
original green. In the second place, the green-colored caterpillars 
are much less numerous at present than the brown ones, and this 
implies that the latter survive oftouer in the struggle for cxi^teoce 

(Weiamann). , 

Another atiU more remarkable ca«e is that of the $sop-prawii, 
Hippolyte, described by Gamble: 'fhe wakeful hours of Hippolyte 
are houiB of expansion. The red and yellow piRments flow out m 
myriada of stars or piBinent cells Ichrematophones]: and according 
to the nature of the background, so is the mbeture of the pigments 
compounded to form a close reproduction both of its color and its 
pattern: brown on brown weed, kitch on Ulva or seagtass, red on 
the red AiRse. speckled on the filmy ones. A sweep of the shrimp 
net detaches a battatiou of these slccpinR prawns, and if wc turn 
the motley into a dush and give a choice of aca-weed, each variety 
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after its kind wil! select the one with which it agrees in color, and 
vanish. At nightfall, of whatever color, changes to a 

transparent azure blue: its stoiiditj' gives place to a nervous res^ 
Icssnefs^ at the least tremor it leaps vLolently and often swims 
actively from one food-plant to another. This blue fit lasts till 
daybreak, and is then succeeded by the prawn’s diurnal tint. 
Thus the color of an animal may e:«press a neirous rhythm." 

A number of birds and maiuiiials such as the pturmigau, the 
Arctic fox, the varying hare, and the weasel which puts on royal 
ermine for its winter dress, show a change of color from summer 
to winter, harrnoniziDg with the bro'^iis of leafy Hoil or rock in 
suRimer and with the snow-covered ground in ninter. The im¬ 
mediate stimulus to change on the part of the indi^^duaI may well 
be mcreasing warmth or cold as the case may be, but temperature 
change is not believed to be the dircei cause of the original assumj^ 
tjon of the adaptation, for the common Tjuropeno hare, Ltftus 
timidus, does not change its coat in spite of the cold. On the other 
hand, the varying hare, Lepus vafiabiii^, also remains brown 
throughout the winter in southern Sweden, although the weather 
there may be eTtcecdingly cold. In the higher Alps the same species 
remains white for sbt or seven months, in the south of Norway 
for nine months, and in northern Greenland it is aiwaj's white, 
as the snow rarely molts, except in localized areas, even in summer! 
The lenimings also turn white in winter but experiments have 
shown that a captive lemming kept in a room in winter will not 
change color untU exposed to the cold, the cold acting as a stimulus 
which incites the skin to the production of white hairs. 

Standard Faunai Colors.—It has lieen found that each of the 
several different life oonditiorw under which animals are found 
is apt to make its mipression upon its denizens in certain definite 
ways HO that their habitat is usually readily inferable from their 
general appearance, and this ia notably true of color. For example, 
the desert animals are generally duns or gmy.s such as the gazeiJe 
already referred to, the camel, and the lion, PlainsnJwelling 
forms are wont to simulate the color of dry grass, as in the case 
of the familiar "buckskin" horses which become imnsiblc at 
distances at which black, bay, or white horses are readily seen. 
Jungle folk are often striped like the tiger or zebra, highly con¬ 
spicuous forms when viewed in the menageries, but with eolora 
which simulate the bars of sunlight and the lights and shadows 
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among the tall jungle grai^s&s. In the open^ on the other hand^ 
Roosevelt telb us that a little distance away the zebra's stripea 
become indbitinct and he appears a udiform gray (see page S06). 
Forestnlwelling forms are usually dappled^ giving the effect of the 
splashes of sunshine caused by the pencils of light which fall 
through the interstices of the leaves. Instances are the leopard 
and jagunr, tiie fallow deer, the boa among serpents—although here 
the pattern is more definite but wonderfully harmouioiis. Some 
forms like the Virgiuia dc^er;^ the tapir, and the lion are spotted 
w hen young but more unifonnly colored w'hen adult, w hich may 
w^ell be of ancestral significance. Many forest insects are gre^m, 
simulating the cblorophyl of the leaves very closely. Birds of 
temperate cliinatesi are rarely so, but in the perpetually green 
forests of the tropics jgreen birds of many dilferent and unrelated 
fainiUcs ate abundant. Green inseeta hibernate, general^'' in the 
egg state, during the sere months in northern lands, hut green 
birds, unless they be migrants, would be highly coiispicuous when 
the frees are leafiess- 

Arctic creatures tire as a rule white^ eseept the aijuatic foims 
like the seals and walrus, and certain of these {Phoca spp.) are 
white when very young. But if a polar bear w ere hrovm or black 
he would inevitably starve, and on the other hand, a wJute animal 
away from the snow^ fields would be equally bard put to it to make 
a living, 

Sra and air mark their inhabitants alike, that is, if they are 
aggrt's^ive or wandering forms. Many sea birds are steely gmy 
or blue above mid white beneath, which makes them hamionite 
more or h^ with the sea when viewed from above and ^nth the 
skv when seen from below. Among the forms thus colored are the 
gulls and terns Many 6shes such as the bluc-feh and mackerel are 
EiQiilarlv colored and for like reason?, even though they are aquatic 
rather than aerial. One curious instance is citwl of a pelagic snail, 
Gfcwnis, which floats belly upward on the surface of the sea. Here 
the colors—blue on the ventral and silver-white on the dorad sid^ 
are reversed with reference to the snairs anatomy, but normal 
from the standpoint of its life habits. 

Nocturnal creatures also wear a proper umforra of mottled brown 
or grav such as one secs in the wild-cat or owl, which renders their 
prowling owner very difficult of discernment Id t he dim light, even 
to those with night-adapted ^TBion. 
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Warning or reFeaJing colors are the conspicuous reds and 
yellows such as one sees upon the bodies of poisonous or unpolato^ 
ble animals like the hornet, coral snake, tiger saliunandcr, Gila 
monster, and many caterpillars and butterflies. These creatures are 
practically imncmDe from attack if tiiey are recognized in time, so 
that the advertisement of their dangerous nature must be a very 
conspicuous one. It does not profit a nauseous butterfly if it is not 
eaten after it is killed, it is the killing that must be avoided, and a 
single stroke of a bird s beak might well be sufficient to render the 
butterfly /wra tfe cQmbat, Its character must be recognized at o n ce 
before the chance of fatal injury occurs. It may be that a few 
fatalities on the part of the butterflies are necessary in order to 
impress each individual bird; on the otlicr hand, the inheritod 
instinct may warn the bird that conspicuously colored animnia 
are to be left alone, or tradition may take the place of instinct. At 
all events, most preying animals do recognize and avoid the wam^ 
ingly colored forms within the scope of their natural environment, 
but may have to learn by bitter experience to avoid strange 
enemies, Experiments go to show that when hungry animals have 
been duped once or twice by having conspicuously colored un¬ 
palatable caterpillars offered to them, they learn to discriminaie 
and the coloring aids very largely in the attainment of this lesson. 
This is true even of the relatively unintelligent fishes. 

While the warning coloration may well be the result of natural 
selection, it ha.s been suggested that very abundant deposition of 
a wsste-matter pigment may reader an animal at once unpalatable 
and conspicuous. This, howe^'cr, would not account for the mi¬ 
metic coloring to be discussed later {see psvge 211) which renders 
a palaiable insect conspicuous and therefore immune from attack, 
nor does it seem sufficient to account for the development of warn¬ 
ing coloration in edible forms endowed with weapons of defense. 

Warning coloration sometimes carries with it the assumption 
of an attitude which heightens the effect and may be designed to 
strike terror to the enemy’s heart. Such for instance is the spread¬ 
ing of the "hood" of the spectacled cobra {cobra-deHnipclb) in 
which the flattening out of the ribs of the neck region display’s the 
conspicuous markings upon its dorsal side to advantage. A 
moth, Snifrinihus, has huge eyc-like spots on tbe hinder win^ 
w'hich are conceded by the forw'ard pair when the insect is at test; 
when it is annoyed, however, the wings are raised in such a way 
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that the great, staring, eye-like laarkingg are displayed, an exhibi¬ 
tion which must greatly impress the would-be assailant. 

Mimetic coioratioii will be diicussed at greater length later in 
this chapter (pages 20S-212}. In brief, it is a color resemblance be- 
tw'con an annual and any other object^ animate or inanimater It 
may be either such as to conceal or it may be a w arning coloration, 
but in the latter instance it is merely a "bluff'' though nev^er- 
theless of highly effective defensive valuer 

Signal marks are apparently of very great iinportance among 
gregarious animals where mutual aid in time of danger is a charac¬ 
teristic. A herd of %^irgiiiia deer may be quietly grazing when one 
of the number becomes aware of danger. As he starts off^ up goes 
the tail like a signal Hag^ showing the conspicuous white of the 
under aide and the adjacent parts of the animal's body which the 
lowered tail had covered. This acts as a warning to the □tliers and 
in an insto-nt the herd is in full retreat, Ihe American antelope 
(Aw^ifocapra) has conspicuous areas of white hair on either rump 
which can be flashed in a similar manner througli a spreading of the 
hair which refieets more light and forms a very effective danger 
signal. A still more familiar example is that of the cottontail 
rabbit, Lejms sylviilicuSi whose aignat Hag gleams in the duak and 
shows its young the way to safety. In each irmtance the signal is 
Instantaneous, w'hich may be of \dtai importance to the safety of 
the individuaLs, 

Recognition marks, for use of other individuals of the same 
apecieSp are such as the red and orange spots on the side of a brook 
trout (Sdvelinn^ which render it so beautiful a fish. In 

general the trout obeys the law of sjTnpathetic coloring, a lurking 
fish in a sliadov?y pool being alniost invisible to the enemy above, 
as his dusky back ia as harmonizing from that point of view as 
his light-colored belly would be from below; but to creatures 
of his ow'n kind and at hia own level the characteristic speckle<lness 
is clearly discemible. These recognition marks are also borne by 
many insects and ore often, oa in many buttcrllics and mothw. 
visible only w'hen the animal is in motion^ for then no amount of 
protective coloration will generally’ avail its owmer, Lndcr such 
circumstances the sympathetic colors arc on the exposed fjortiuiLa 
of the animal as it rests with wings folded, that is, on the upper 
S-Urface of the fore wings in moths and the under surface of both 
pairs in butterflies, for in the foouer group the hind wing? are 
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folded beDeath the fore, which lie roof-!ike a^inat the sides of the 
body, while the butterflies bring the upper surfaces of the erectly 
held wmgs t-ogetherp thus exposing their uuder surfftce. 

Confusing Coloration .—With marty forms such as the moths 
and butterflies which we have just described, the rceognition color¬ 
ing may be very conspicuous., so that during Higbt, when no pro¬ 
tective eolortng would avail^ the eye follows it readily, A sudden 
settling of the insect, the brilliant color instantly disappears, and 
one loses sight of the insect completely, since its esposed coloring 
now hannonizes with the support on w^hieh it rests. Were the eye 
to follow' the S 3 *mpathetle color during flightp the resting insect 
would be much more readily diseemedp but the sudden disappear¬ 
ance of the conspicuous eolor is highly confusing to a human ob- 
serverp who looks in vam for the colored object and overlooks it 
in its transformed statCp and the same must be true of pursuing 
creatures as welt. The Catocala mothp with red-banded hind winp, 
is an instance in point p and thig coloration is not at all confined to 
insects ^ as certain somber-colored lizards have brilliant color on 
the under aide of the taib which the eye follows and loses as the 
creature stops after one of iU lightning runs and^ low'ering the 
tailp crouches in the sand, with w'hich it now harmonizes to per¬ 
fection. 

Sexual Coloration.—As we learned in the chapter on sexual 
selection, the males of birds and other forms are often much more 
conspicuously colored than their females, as for instance, the car¬ 
dinal bird with hb? gorgeous red nuptial plumage as compared with 
his soberly garbed mate. Other similar contrasts are seen in the 
oriole, bobolinkp several ducks such as the wood duck and the 
eider, in the wild progenitor of domestic fowls, and in the related 
pheasants. Why the males are conspicuous is perhaps not so dear, 
but the protective coloration of the female must be of prime im¬ 
portance to the race? especially if she is nesting or a potential 
mother. The young males which have not yet reached sexual 
maturity are also protectively colored, so that in many cases it is 
c,vtremcly difficult except thTOugh anatomical examination to 
distinguish the young male from the female bird, even though the 
color contrast is so marked In the fully adult. The brilliant color of 
the cardinal bird is gradually assumed, several yearn being required 
for its perfection. 

The spotted coat of young animals, such as the deer, lion, and 


COLORATION .\XD MIMICRY 


205 


muTn^, is well known. The young BraiilLaD tapii' is somewhat 
irregularly stripcdj which is also true of the young of the i^itd 
boar. The jungle fowl, the ancestral stock of our doineatic ehickensj 
are colored in their adult life much like the game cook. The newly 
hatched chieka, on the other band. Instead of being plain yellow 
or dark-colored as in most domestic breeds^ bear two dark longitu¬ 
dinal stripes along the back. That all of these infantile colors are 
of superior protective value to those of the adults especLally under 
the condltionB su-tTounding babyhood^ is, in many instancesp 
evident^ but some may wdl be more of historic than of immediate 
significance. 

In a higher insect such as a moth or butterfly, egg, larva, pupa, 
and adult may each have a protective coloration suited to the im¬ 
mediate environmental need and differing markedly in each suo 
ecssive stage. That these colons aid In Increaaing the percentage 
of survival in each of the several stages is evident. 

Biological Cause of Col&raiwn 

Some coloration is doubtless dependent upon the chemical ma¬ 
terial of which any organism is composed and the hue is due en¬ 
tirely to the absorptive powers of that substance; since oxide of 
iron is redp so is the blood of vertebrates, and since copper oxide is 
bluish green, so is the blood of the octopus, and so on. In many 
cases the color of internal organa may be due entirely to the nature 
of the food consumed; thus the flesh of brook trout caught in cen¬ 
tral Massachusetts where there are few crusstaceans available for 
food i$ palcj w'hereas trout from the Adirondack lakes where craw¬ 
fish are abundant have flesh of a deep salmon pink. The bones of a 
gar-pike are green in color through the deposition of green vlvianite 
under oertain physiological conditions. Tho-mson sajns that the 
pigment aubatanccs are primarily waste-products, reserv^e^prod- 
ucts, or by-products of the animaJ/s metabolism, and in many in¬ 
stances the colors have no more significance for their possessors 
than the gorgeous autumnal tints of withering leaves have for the 
tree—that is to say, none!^^ 

Pigmentj aside from ita protective or warning signiflcanf^, may 
have other very real values. Such fo-r instance arc the definitely 
localized spota of coloring matter which are sometinies associated 
wdth end organs of the neri^oiis ^^teni. This pigment absorbs 
light, indirectly stimulating the nerve, and thus acts as a light- 
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percipient organ. All eye^ have thU for their baaio principle^ but 
in some inst ances accessory organs which jiic not strictly speahing 
eyes and yet have a light-perceptive value are thus formed. 

Other pigments found in fur or feathers may sen^e to absorb or 
reflect beat and thus be of value to the owner in addition to the 
function of sympathetic coloration, such for example aa the pale 
grays of the denizena of the desert, Againp dark pigment such as 
that in the negro and other dark human races serves to cut off the 
ultrai^doiet rays of light which from their physiological action 
cause such discomfort to humanity. Hence a colored man under a 
tropic aky h leas liable to sunstroke than a fair one, and the devel¬ 
opment of human pigment, which is said to bear a direct ratio to 
the number of sunny day’s in a year in a given regiodp may well be 
due to the working of natural selection in eliminating the lighter 
colored individuals rather than to the inheritance of the direct 
effect of the sun^s mys in the production of pigment. 

The structural features, St rue and the like, w hich givo rise to the 
physical play of iridescencep have been compared to ripple-marks 
or rhythms of growth such as the groAvth-lincs on a shellp and the 
same may be true of the color wheu it is laid down in concentric 
lines or cross-bars, 

Vah£ of Cohr€Uwn 

The value of coloration to the animal h in many instancea a 
very real thing and must play an important part in detennming 
the creature's chances for survival. That it is not in every case 
operative, however, b undeniafalep for, as Roosevelt says, speaking 
especially of the higher animals, some have so wide a range of ac- 
tivit^^, continually passing over such totally different landscaped 
and among such totally different surroundings, that the difficulty 
of devising a concealing coloration would be enormouB (1911), 
Perhaps one of the most glaringly conspicuous of animals as seen 
in the zoological parks is the zebra. The question arises as to the 
value of thb coloration, either as concealing color or as recognition 
marks. Gregoiy has summarized the evidence as follows: Pocock 
maintains with much force that the testimony of ohscr^'eta in the 
field has established the truth that the coloration of the coat 
renders a zebra invisible under three conditions, namely, at a dis¬ 
tance in the open plain at midday, at dose quarters in the dusk 
and on moonlight nightSj and in the cover afforded by thickets,^' 
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On the other hand^ the late E. C. Selous^ a keen observer with 
a lifetime of field experiencei writes in Great ami Smoll Gant^ of Af¬ 
rica: Never in my life have I seen the sun shining on zebras iti 
such a way as to cause them to become invisihk or even in any way 
inconspicuous on an open plain, and I have ^n thousands upon 
thousands of BurchelPs zebras/* He admitted the fact that the 
bold black and white stripes on the coat of Burcheirs zebras 
are not apparent at any great distance but stated that nevertheless 
the ^braSp on account of their constant movements and by the 
violent switching of the tail, were always conspicuous even in the 
moonlights Moreover, the lions hunt the zebn^s cluefly by smell 
and at nighty or lie in wait for them at the water holes. Colonel 
Roosevelt also vigorously supported the view that the striping was 
of no special use for concealment- 
With reference to the value of the stripea as recognition marksp 
Selous thought them of little service, but Ewart, in his famous 
Pcnycuik experiments in which a male zebra w’aa mated with an 
Arab marej had great difficulty in overcoin ing the reluctance of the 
zebra, for only after he had become accustomed to tho strange 
appearance of the dark-colored, unstriped mare could he be in^ 
dneed to mate with her at all. Zebras are such kecii-e 3 ^cd animals 
that they can hardly fail to recognize individual much less specific, 
differences in their companions^ 

Nevertheless, ii the color was such as to protect the bird or 
animal at critical periods, not only from the standpoint of its owm 
indixndual protection, but also from that of the race, as for instance 
during the bringing forth of the young or the incubation of the 
egg^, its value would be abundantly proved even though at other 
times the protection afforded was inadet[uate- 

Whatever may be the initial cause of color, its final perfection 
of adaptation for concealnient, warning, or whatsoever service it 
may render may well be the result of the natural gelection factor* 

Miiiicav 

Of all the devices adopted by nature for the protection of her 
children none is so marvellous in its perfection as those which are 
included under the bead of mimicry— the resemblances which 
Organisms bear to others and to inanimate objects in fonup color, 
attitude, and action, thereby either escaping observation or ad¬ 
vertising an apparent harmfulne^ which is not at all real. 
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Just as coloration of aniimals was classed as protective and ag¬ 
gressive, so wc TTiay consider two aspects of mimicryT the protec¬ 
tive mimicry being as before divisible into concealing and warning 
and the aggressive into concealing and alluring. Mimicry may be 
further divided into unconscious or paadvci under which head by 
far the greater number of mimics fall, and in which form and color 
make up the resemblance; and conscious or active, in which by 
its actions afj w^cU the mimic Lmiiatcs the immune model- 

Almost an>i.hlng may be mimicked, from a wave-worn pebble 
to a twdg of a tree or an active harmful insects Thus all the king¬ 
doms of nature, the inorganic, plant, and animal, furnish the host 
of models to be imitated where immunity is sought^ 

Protective mimicry, as we have seen, has two aspects, conceal¬ 
ment and warning, of ivhich the first is by far the more common. 
An example ia the emb CrypUfUthodi^ whose smooth rounded form 
and texture and white color ham^onize so perfectly with the tvhite 
quartz pcbbl(^ of the beach that one needs must turn the animal 
over, generally by accident, to see its real organic character os a 
living form. The immunity which it thus secures from enemies 
of its own humble station must be of real protection, though doubt¬ 
less it is occasionally crushed by a larger form, Its mimicry is 
certainly unconscious, as action betrays its presence and stoical 
passivity is essential to safety. Another crab resembles wave- 
worn dead coral very closely; here^ as the animal is carnivorous, 
the concealment, may have a twofold purpose^ protection against 
its enemies and aid in securiug its prey. 

The geometrid moths, whose caterpillars (see Fig. 25) arc the 
familial' measuring w'oims, are often not only protectively colored 
but ma}'^ mimic the twigs and smaller branches of various plants 
such lii? clematis, the birch tree, the pear tree, and many others. 
Tiiat on the bireh^ the caterpillar of Sel^nia ietmlunana, when it 
needs particularly to escape observation. grasps the branch with 
its tw o hinder pair of prop-legs and throws its body outward at an 
angle, in a rigid posture as though in a cataleptic state. Details 
of resemblance are now apparent, not only in color and form but 
in excrcsscences whicli simulate the latent buds of a twig, while 
the somewdiat pointed head and feet resemble tenninaJ buds. So 
perfect is the resemblance and so long maintained the posture that 
even a trained obsetv^er often faib to see the creature or to be 
sure of what he sees until he actually touches it. Such mimicry 
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ie in the main unconsciattSp that 1$, in the color and form^ but as 
action precedes the inaction of the mimicking pose it is also in part 
a conscious one. 

Yet another geonietrid moth, Sektzu^d mi^Qniif carries the mim¬ 
icry sim further, for not only do^ the rough-barked caterpillar 
mimic the twig to perfeetionp but the moth docs also, aithoiigh 
somewhat less cfTectively. The latter rests head downward against 
the bark of the actual limb with the stiffened body held out at an 
appropriate angle, the wings being folded around the abdomen 
in such a way as to heighten the resemblance. 

Many moths mimic the rough bark in color w^hen in an ordinary 
resting posture upon itj but writh them it is a matter of color 
miniicrj' only. 

Many of the walking-stick insects (Phasmidffl) arc also clos* 
mimics^ with their slender body, attenuated limbs, sympathetic coL 
oration, ajid slow 
movement, often 
stiffening into rigidity 
as do the geoinetrids. 

When moving, some 
of the walking-sticks 
have a peculiar tot¬ 
tering gait, but in one 
instance in Texas, 
wiiile the shadow* of 
the insect i^ould be 
clearly seen upon the 

shadow of a bush because of this characierisfic, only careful search 
revealed the creature in substance upon the bush itself- All of the 
Americao species of pluvsmids are wingless and there are compara¬ 
tively few of themj but in the tropic and subtropic regions of the 
earth over six hundred species are known, many of wdiieh have 
Other protective resemblances, some of them marvellous indeed. 
Perhaps the most perfect example is the leaf tnscet Fhjlhum 
(Fig. 29J. Here the wings and flattened and expanded iHJcly imd 
limbs are all green except for irregular small yellowish spots which 
simulate the fungus or ru^l growl ha upon a leaf so that the total 
resemblance is very precise. 

Many butterflies are also leaf-like in appearance, simulating not 
only the general hue of a dead or withered leaf but its petiole. 



Fjg. 29 ,—^'waJkiiiK an example 
of Insect mimicry, (.\fter DofleinJ 
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midrib, venation, rust spots, and the dear places wfiieih sometiines 
occur in a diseased or injured leaf. One such butterfly is Cemo- 
phlebia archidona from 3o!l\da, in which the upper outer angle of 
the fore win|^ forms the apparent stem or pet iole of the leaf; the 
most noteworthy instance, liowever^ is that of KaUima paralecta 
from India (Fig. 3l>) in which the hinder wings are prolonged into 
the stein-Hke structure, and the other leaf-like markings ttre carried 

to an oxtrciiie of perfection. This but¬ 
terfly is strikingly colored alKjvCj blue- 
blaek with a reddish yellow^ or hiiiish 
white i>and^ the recognition markings 
of the species. This coloring is seen in 
flight. On the instant of nlightingj the 
Lnscet practically disappears, for now 
the wings are folded together so that 
only their protectively colored under 
surface is exposed. This is deeeptivoly 
like a dead and sere leaf due to ita 
colorj m which red and brow^n alternate 
with ocea^onal spots bereft of scales 
which simulate dewdrops. In addition 
there is seen the midrib and often the 
lateral riba of the leaf^ and black and 
mouldy spots also occur. 

Warning Mimicry. — Some of the 
most remarkable mimicry of all is in¬ 
cluded under the caption of warning 
mimicry—mimicry of advortLsingly col¬ 
ored forms which are distasteful or even 
poisonous either when devoured or through the possession of poi- 
sonoiifl fangs. Among reptiles there are certain brilliantly colored 
poiaonoua snakes belonging to the aame family (Elapidffi) as the 
deadly cobras. These snakes are of the genus and are con¬ 
fined entirely to America- They are beautifully colored, often in 
red and bbek aitemating bands w hich in the coral snake are edged 
with yellow. While they possess a strong poison they are prac- 
tically harmlesa to man because of the limited extent of the gape. 



Fro. 30.—Dtiid-leflf butter¬ 
fly, ICotfifiiitj pnnfi£«*i, from 
India. (Afur WckmniiD.) 


Each of the several species of poisonous coral snakes is mimicked 
by other species of hannless snakes belonging to different generaj 
and w'hile the markings are in no ease exactly similar, the approsi- 
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mat ion is suflitieiitly clo^ to rendef the imitatota practically 
immune from attack except perhapa by mankind. Many other 
harrnJc^ snakes such as the hog-nose snake while 

not colored exactly like poisonotis oncst wilJ nevertheless flatten 
the head, rendering it triangular, and hiss and often strike to show 
hoTV very dangerous they are. With lower animals this doubtless 
gives them a certain immunity from attack but on the other hand 
only serves to invite destruction at the hand of man. The mimicry 
in those specie® which imitate the coral snakes is unconscious or 
passivet tliat of H^l^rodmt is conscious as it depends upon the ao 
tlons of the snake to make it effective. 

.Among insects again there are a host of imitatoraj both active 
and passive; those w'hich mimic their models in form, color and 
action, such as the haiiy, brilliantly colored syrphue- or flower- 
flies which resemble the stinging bees and wasps; beetles W'bich 
resemble wasps; dear-wing moths which miniic bees, and so on* 
Some of the most remarkable Lmitatioiis, again ^ are anvong the 
butterflies, which resemble other distasteful and hence immune 
butterflieSr The most familiar instance is that of the rnimune 
monarch butterfly, ArtosaVi pl^xtpjnt^ {^Danai^ wdiich 

is inedible, and it® imitator, the viceroy^ Basfii<irchia archtppus 
(^ jLimcf dis^ippusi) > w'tdch w'ould otherwise be destroyed, as it 
is palatable from the point of view of insectivorous birds. 

Sometimes only the female of a butterfly w^LU mimic an irmnuno 
model, the male being colored in a totfl^lly different way {dimorphic 
species). Again in widespread species more than one fonn of fe¬ 
male w'ill be associated with a given male, each female mimicking 
an immune species w’hieh happens to be locally abundant* In 
Africa the Danaid butterflies are unpalatable, while the Papilios 
arc not. Popitio fMcrzjpc i® a species w'hich has scarcely varied at 
all in the niale sex in the extent of its distribution through Africa, 
but in the female has almost everywhere lost the outward appea.r- 
ance of a and assumed that of a Danaid, which is protected 

by being unpalatable; and not everyT^’here the appeaniooe of the 
same species, but in each place that of the prevailing one, and 
Sometimes^ of several in one region. As a result, these femalcK now 
show' a pol^.^no^ph^sm eonsistiDg of four chief mimetic forms, 
plus the primitive form—that resembling the male. The latter 
survived in Abyssinia alone, and even there it is not the only 
onCj but occurs along with some of the munetic forms (Weismann)- 
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Thus while in a general way the different types of female are locally 
separate, their areas of distribution often overlap, and, at the Cape 
for iostaoce, one male and three forms of female Lave been reai^ 
from one set of eggs. 

Aggressive miinicry is that showti by certain carnivorous forms 
such as the spiders found on golden-rod and other ffoweis, whose 
yellow bodies so faannonize with the flowers upon which they rest 
as to render them invisible to the visiting insects which form the 
spider's prey. Other spiders resemble oak galls or other v^table 
growths, yet otbeia the droppings of birds, all of which resem¬ 
blances have the same ulterior design. These are all mgrnnrvia 
of concealing mimicry'. 

Another spider is deseribed as resembling ao orchid blossom 
more or less closely, both in color and form. In this instance 
the resemblance is an alluring one and is advertising rather than 
^'mpathetic. It is doubtless a highly profltaifle adaptation to 
the spider. Another similar adaptation Is that shown in a cer¬ 
tain African lizard, protectively colored e.'ccept for a brilliant 
patch of color at the comer of the mouth which acta as a lure for 
the unwary. 

SimiUation of Death.—But one aspect of miinicry remains to be 
discussed, again a conscious imitation, that of simulating death. 
Tins has been developed to such an extent in the American opossum 
(Didelpkis tirginiana) that the act is known in common speech as 

playing 'possum." Whether it is an intentional performance on 
the part of the creature, or whether, as has been suggested, the 
animal faints away from fright, in which event it could hardly be 
called conscious mimicry, it certainly is again an adaptation of 
real value to its onmer and may often save its life w'hen attacked 
by an enemy that prefers to kill its prey. Many insects, especially 
hard-bodied beetles, w*hjch a fall will not injure, have a similar 
habit, as they drop like a pebble when one is about to seise them, 
lie inert where they fall, and are often searched for in vain among 
the leaves and grass ben^th the bush upon which they were. 
This may be. as in the case of the opossum, an actual unconscious¬ 
ness, but is even more efficacious, as tiie animals are so hard to 
find. 

Wallace’s Conditions for Protective Mimicry.^—Wallace long 
ago summed up the conditions which must be fulfilled whenever 
protective mimicry occurs. They are as follows: 
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1- Imitative species must occur in the sauiC arefli and occupy 
the same station as the mimicked. 

2. The imitators arc always toe more defeosele^is^ 

3. The imitators are always less nunierons in itidlviduals. 

4. The imitators differ from the bulk of their alUea. 

5* The imitation^ however minute, is external and vissible only^ 
never extending to internal characters or to such as do not affect 
the oxterual appearance. 

Causes of —WeismaoUp the leader of the Darwinian 

school, makes natural selection the only factor io the production 
of mimicry, arguing isdth Bates that the great likeness, such as 
occurs between the white butterflies and the nauseous Helieoniid®, 
would depend on a process of selection, based on the fact thatj io 
each generation, those individuals would on the average survive 
for reproduction which were a little more like the model than the 
rcsty and thus the resemblance, doubtless slight to begin with^ 
would gradually reach its present degree of perfection. In opposi¬ 
tion to this it ha^ been argued that the mimiciy, to be of any selec¬ 
tion value, must be practically perfect at once, and the minute 
Or trivial variations such as the exponents of natural selection pos¬ 
tulate would be of no possible survival value In mimicry. On the 
other hand, that masterpiece of mimicry^ KalliffUi (see Fig. 30), 
goes too far, as a much less perfect imitation would be ample for 
all practical purposes and we can not conceive of selection taking 
an adaptation past the point of efficiency- 

Another explanation of mimicry is that the mimetio fonn as 
in butterflies may have arisen as a large mutation, and that for 
a w’hile the tw^o forms persisted side by side, but gradually the 
old one disappeared- Such an Explanation might well account for 
the polymorphism of Papiiio Tnerope, (specially as the male stiU 
retains its original form and in one locality {Abyssinia) a femaJo 
does as well. 

There is little doubt, however, that whatever causes may be 
secondarily operative in the production of coloration and mimicry, 
natural selection is the chief- 
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CHAPTER XVI 

ANIMAL ASSOCIATIONS. COMMUNALISM 

Perhaps oae of the most intoTeatlrig aspects of evolution is the 
development of eouimuiial life among aniTnals, for here is fore- 
sbadowed one of the factore which have aided so largely in placing 
man at the head of the animal kingdom- It is not alone his sentient 
power and his hand skiU that have made him great, for while m- 
dividual man working his w^ay as a solitary being can accompl^h 
much, civilization and its attendant train of invention and attain¬ 
ment arc the direct outgrowth of communal life- 

Animal associations may be divided into several sorts, some o 
which have already been discufesed+ They are: 

Associations of different species. 

Mutually beneficial. 

Commensal (sec Chapter II)- 
SjTiabiotic (see Chapter II). 

Harmful to host. 

Parasitism (see Chapter XVIl)* 

Associations of the same species. 

Gregarious animals- . i 

Mutual aid with no division of labor other than leadership. 

Communal animals. _ , * i 

Always ImpLvdug dmsion of labor and sometimes phj^cal 

differentiation* 

GREOARions Animax^ 

The association of unlike forms will not now be discussed and 
we may turn at once to grcRarioos animals. These are such as herd 
toRcther for mutual aid, either for defense or for the sceunng of 
food. The name might also be applied to communities of sedentary 
benthonic animals whose association is the result of the accidental 
settling of a swarm of mero-planktonic young m a given locality. 
Such a group should not be called a colony, for colomal organisms, 
as the t enn is used in biology, am such as are organically connected 
with one aoother. 
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Tmly groj^rious forms are tha ahoaJs or schools of in^Trtebrateg 
or fishes such fis the squid, shod, cod, niackercl, herring, and aJbi¬ 
core. WTiether there is here a recognized leader we have no means 
of knowing. Of higher forms among marine types there are the 
whales and seals, all of which are gregarious. Witli the killer 
whales, Ocinue (Fig. 5"), there is mutual aid just as there is among 
wolves, for the purpose of destrojing their prey, the killers being 
the only cetaceans which prey habitually on warm-blooded an¬ 
imals. Their victims may be seals, penguins, or the various species 
of their own order. The killers destroy such as they are able atone, 
but combine into packs when a larger whale is to be attacked. 
Their favorite food is the tongue of the right or whalebone whale, 
and two or three will seize the lips and force open the mouth, while 
the others tear out the tongue of the unfortunate victim, 

TrV olves, when they run in packs in the pursuit of prey, mav be 
said to observe a sort of armed truce, the idea of mutual aid for 
defense evidently being foreign to their code of ethics, for they 
will at once turn upon, destroy, and devour one of their own band 
who happens to be wounded, even though it delay the chase. Un¬ 
gulates, on the other hand, herd together for safety, not for food¬ 
getting, since the immense numbors sometimes brought together 
must render the amount of food av'ailablo for an individual ma¬ 
terially less. 

Perhaps the greatest numbers of any large animal of recent times 
were those of the buffalo Bison ameritanus which formerly spread 
over one-third of the entire continent of North .America. 

Hwnadiiy telb us tlist they ranged from the arid plains to the hilly hard- 
wood torests of the .Appalachians, covering an area which stretch^ 3C06 
i^es from north to south by 3000 miles from cast to west. The center of 
their abundance lay in the great plains front the Rockj- Mountains to tlie 
Miss^ippi, and when the herds assembled there thev covered the earth 
seej^gly as with one vast brown buffalo-robe. One of the moat memo¬ 
rable obsen'atious of the immensity of their mimbers was tliat of Colonel 
R. I, Dodp m May, IS71, who drove for twenty-live liouis through an 
unbroken herd qf buffalo. Homaday believes that Colonel Dodee must 
actually have seen no fewer than half a milhon animals They Ixlonced 
to die i^at southern henJ, estimated at a„500,{X30, tlien on its annual 
spring niijiratioii northward. The estimated numljors of tho northern herd 
have been put at l,a<Xl,(X»0 making a total of &,0(10,000 nnimais and vet 
within the next four yoars tliat majestic army was reduced to three pitiful 
remjiante owing to the wauton dewtruelion by luan, a slaughter wmid 
ouJy to that of the World U'ars. in 1903 Doctor Frank Baker estimated the 
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Total number alive aa 634 wild and 1119 in eaptivity, makUig 1753 
pared with their former milliona. Since that tune, the number has b«n ^ 
increased by wise consen'Htion that the herds Lave bo be thinned out from 

time to timoj to limited area- 

Among buffalo, the IichI is led by & female, while among horses, 
as is the case with the pariali dogs of istambou!. a male of 
proved prowess is chief among the pack until displaced by a 

Beaver carry their social organiaation further m that all umte 
for the construction of such public works oh the dam which im¬ 
pounds the water. Wlien it comes to the individual lodges, how¬ 
ever, each works for himaelf and lives his own family Ufe more or 
less indepondent of others of the community- 

Atnong pelicans, even thoi^th they flock together in great num¬ 
bers for breedim; and the rearing of their young, each jcaloua^ 
guards iU own interests and those of its offspring, regardlca^ of the 
others. Occasionally, however, mutual aid become necessarj’, as 
when individual fehing is not sufBciontly productive. In this 
event, the birds are ^id to swim in a line in auch a way as to ^r- 
round a school of fishes much as they arc enclosed m a seme. The 

pelicans then swim toward the shore, driving their prci in os a ow 

water, where each fehes for himself- , , * xi 

Some inatanocss are recorded of the assocmtion of more than 
one species of gregarious animals. Colonel Roosev e spea o 
a herd of between forty and fifty elephants, accompanied by over 
a hundmd white herons. In order to see whether there wa^ an 
available ball among the men niovcd i om _ ^ ® 

and off the elephants went at a rapid pace, half the berans riding 
on them while the others hovered alongside, like a white cloud. 
Another eicaniple is tlie association of zebra, ostnch, and gnu, 
mentioned before (seepage 2S) under the head of coi^cnsaLsm ^ 
such associations of unlike forms for mutual good belong to that 
categorj^ Roosevelt also tells us of orjnt herds 1'“™ 

half a dozen to fifty individuabi, often mixed with the zcbi^. 
There were also solitary orvx bulls, probably turned out of the 
herds by more vigorous rivals, and often one of these he 

found with » herd of zebras which proved more tolerant of than 
its own kinsfolk. All of this game of the African plains is highly 
gregarious in habit, and the species associate freely with one 

another. 
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Domestic A n i mal s. \Vitli but a single exception—the domestic 
cat—evej-y animal which man has succeeded in aubjecting to his 
uses hns been a gregarious form and hence dependent upon its 
fellows for aid and succor. *1 hia^ as may well be imagined, is a 
\cry potent faotor in man’s favor when he attempts the subjuga” 
tion of a wild animal, for he, in largo measure, supplies tlie need of 
kinsfolk and when the creature becomes dependent upon him 
the victor^' is half won. The surly, intractable individuals among 
male elephants, horses, and cattle would possibly be outlaw's 
from their own kind in a state of nature. The independent habits 
of the domestic cat which Kipling has so admirably satirised in 
hi» story of "the cat that walked by its wild lone,” are due to the 
non-gregarious character of it-s wild progenitors, and are attributes 
which centuries of domestication have never wholly eradicated. 
Hence the cat is always a guest, the other domestic animals be¬ 
coming raembers of the family. The cat is more concerned with its 
surroundings than with its human associates. In war-torn France 
the dogs alwai-B went with the human refugees, whUe the cats re- 
mamed behind and were sometimes found Uving amid the ruins 
when the repatriated family returned. 

COMMUNALISM 

Communalism, asbas been said, always implies division of labor 
sometimes with physical differentiation, although in higher organ¬ 
isms mercased iotclligcnce may offset physical differences the 
mdmduals Iwing more adaptable to the various tasks of the com¬ 
munity and not necessarily limited to one or two. True com- 
munalism is found in but two groups of organisms, the insects and 
mankind; in each instance the final enbnination of a long and im¬ 
portant evolutionarj' line. 


Insecis 

Among insects two orders only are aufliciently advanced to in¬ 
clude communal forms: the Isoptem, termites or "white ante ” 
and the HjTucnoptera, ants, bees and w’asps. ’ 

Tennites (Fig, 31) are insects of a comparatively low grade of 
organjfflition and bear no relationship whatever to true ants 
their popular designation, "white ants,” having arisen from the 
fact that, like the fomier, they dwell in large communities with a 
compies social system. Members of the two groups of insects 
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nfl 3l.--Termitea or white tnts, rf™« luaifugi^. A, worher; B wWicr; 
C, compkineotel male or femiife? D, true or fom^; 

abdomen dialondcd by the great repitxluctive mecheuiisin. h, 

from Claue^e^vicb, D rrom Uuctsrt,) 



















220 


ORGANIC EVOLUTION 


may readily 1 m told apart, aa the termites lack the delicate pa. 
duoclc that joins the thorax and abdomen in the ants, and are 
broud'waisted creatures, yelloTHTsh white to light brown in color 
Most of the termites arc wingless, others have wings for a while 
which are afterward shed, many are blind, and all have slender 
antcnnie resembling strings of beads. 

Their social oi^anization has carried with it a remarkable physi¬ 
cal differentiation so that at least four distinct castes arc generally 
recognizable; they are not, however, as in the case of the Hymenop- 
tera, characterized by sex differences hut include both males and 
females in each grade. The four castes are: 

First, the uvrkerit; small, blind, wingless, pale in color, with nodcvel- 
oped sexual organs, but with fairly weU-fomied In some species 
there are no workers, in others tliorc may be two kifids, 

The second are the iotdierii. These are also blind and wingless and s^x- 
ually undevelojjod. Their chief distinction from al] tlje other castes lies 
in the greatly dex'eloped scissois-shapcd jaw's which, togctlior with the 
enkrged head, are darker in color than the rest uf the body, due to their 
being more strongly armored. 

The tliird caste consists of the tomplementitl titak» nnd /etJirtifa, also 
blind and winfdess, but with limited powers of procreation t otherwise 
they lotk not unlike the larger workers. Their duty is to supplement the 
production of young in the ewnt of failure on the part of the chief sesed 
individuals. 

The fourth caste are the b-Ke or chic/ males and femaks. These differ 
markedly from the other castes ill t heir darker color and in being possessed 
of both wings and organs of vision, as they alone are concerned with the 
external world, all of the others Iteing subterranean creatures which so 
far diun tlic light and air aa to build covered tunnels for cwiununieatioii 
where burrowing is impracticable. The true sexed individuals arc pro¬ 
duced in great imtnbei^, and in the spring emerge from their titiderground 
fastnesses and swamt fortli oh their niating flight. They are ussailed by 
birds and other insectivorous creatuns and countless tiumljers are de¬ 
stroyed before a suitable haven is reached. Ultiniatelv they .‘^itle to the 
ground, such as survive the slaughter, and the win^ are stripp^ off, 
breaking at a line of least resistance, w tliat only a stump remains beliind! 

The males aiid females now pair and each pair under normal conditions 
are the potential founders of a new colony. The suppositiun is that they 
must be found by a gioup of workers, who then take possession of them 
and make thrun the royal, or more properly parental, pair of a new eom- 
munity which these workers establish. Just how new colonies are formed 
in the familiar Xew England species, rtTmca Jlatipes, not' known nor 
has a gravid tree female over been fonml, and it is within the possibitira 
that in spite of their numbers none of the diicf caste ever Euece^ in sur^ 
vivijig the mating fliEbt, and that the young are produced entirely by the 
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complcmcolal caste- Among tropical species—they are very ntim^ 
oujS. e^pcciallir in jVfrica (see Drummond) and South America—the ehief 
females, sometimes distended with cgpt to many times tieir origmal size.' 

are frequently found. » , - 

The voung are all alike when first hatched, tliree moults being necessary 
to develop into large-headed individualsj and three more to form tlic 
latter into perfect soldiers. 


The termites have as commensal guests within tLeir oolooies 
many other kinds of insects of which more tlian a hundred species 
have been cleseribed. These are known as tennitophilea or lovers 
of teniiitea. The true oJits have similar mjTmecophiles, of which 
there are many more than in the present instance. 

HymeDOptera show all gradations of development from solitary 
forms to those among which tliera is a moat intimate communal 
life. Gradational series may be iihistrated by the bees and wasps. 
The ants, on the other hand, are entirely coitimunal. 

may be classified on the basis of habit and physiological 
development into three groups, solitary, gregarious, and com¬ 
munal, of which the hive liecs have attained the highest develop¬ 
ment, The solitary bees need not lie discussed, but as the social 
organization in tlie gregarious bees grades into the communal, a 
few may be described. Some of the technically solitary- bees have 
a market! preference for one another's company and thus show the 
beginnings of gregarious life. Near Stanford University there is a 
huge colonv of a mining bee, Anikopkora sianfordiam, in wdiich 
the vertical burrows are set as closely together as possible without 
interference, each burrow being tlie property of a single female 
bee. In this instance the hole is not filled with stored food and 
closed up as is usual, but the mother bee bungs sustenance to the 
larva during its entire period of helplessness. 

Andrew, the small mining Ijee, forms similar colonies; one re- 
cordetl village which covered only a square rod of ground including 
several thousand nests. Here a vertical tunnel is dug with mdi- 
v-fdiml cells branching out on either side, within whicli the egp 
are laid, together with a portion of suitably prepared food, the 
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cell being then ^-aled. The inother^ ha™g complEted her do¬ 
mestic arrangements, waits in the mouth of the burrow for the 
issuance of the young. 

VV’ith yet another mining bee, Halict^s, the smallest of all, while 
each mother makes her ovm ncst-buirow i\ith its stored cells, a 
number eombine to form a common vertical to the open 

airj 60 that one entrance and corridor access to a number of 
homes, ifany such stnicturcs are placed close together in popu¬ 
lous communities. ThtLn, as Comstock says, while Andrem 
builds villages composed of individual hou^, Hulictus makes 
cities composcNl of apartment-houses/' 

In bumblebees the domestic economy Ls similar to that of the 
wasps, the colonies, for such they are, lasting hnt a season. These 
bees pair in the falh the males die, and the impregnated females 
pass the winter sleeping in some underground crevice or hole. 
In the spring they issue forth and gather poilen and honey which 
is mixtii together into a pasty mass and plaGcd in some under¬ 
ground hole, that of a mouse or mole or one which the bee dig^ 
for herself. Several eggs are laid upon the mass of food, the re- 
suhant larva? feeding thereon until they are fulbgrowm, when each 
spins a silken cocoon within which it passes through the pupa 
state to emerge as a sterile worker bee. These workers then take 
over the labor of the nest, enlarging it and providing more food^ 
and the mother Edinply lays eggs to the extent of several sexually 
sterile broods. In late suimner or fall males and females are pro¬ 
duced which fly forth and pair. Then the males and workers 
gradually die off until only the pregnant females are left—the 
potential founders of next year’s communities. 

HtrariRc cade of the guest bumblebees, species of the genus 
rus, is almiTKi^t stire to como to the attention oi any ohsen'er of huuiblebee 
nests. In all general clmracters and total ^teeming truly btiniblebee'like 
found nlw&yfi in and about humblebee nests, these ia^idioqs guests" 
cleverly Living at the bountiful table of their hfist, present to us an inter¬ 
esting pcobJeni touching their deceptively tiiakcup. Are they 

really bumblebees, that is, bees directly descended Ironi bumblebee stock 
which have become degenerate and adopted a paresitie Ido, or are they 
bees of another stock, which, for the sake of successfully deceiving the 
btunblebecs and thus Raining access to their nfeits, have gradually acquired 
(through long Bclection) the bumblebee drees and general appearance? 
The former supposition is the tnoTe probable. They are like bumblebees in 
so many structural details unnecessao' for such deception that the>' must 
be looked on as a dygenerate offyhoot from the Bombidic. Having given 
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up tli6 guthcTjn^ aod catryiii)? of pollciii tbtif tflrsi are no longer pro^ ided 
mth a pollen-t^fcet (eoncai,^ smooth surfhce, boundsid l>y lines of long 
stiff incurving tnire) and by tbe absence of this nRivngcniont they tiiay 
ahviiva be distinguished from the true huniblcbess. There is no working 
caste, infertile female workers, with these I^ithyridic, each species being 
icpnesealed by males and femaifis only'’ (Kcllo^)- 

The honey or hive bees, Apis melUfica (Fig. 32), differ from the 
bumblebees in that the colonies are permanent and composed of 
^ greater number of individualsp Tlieso liye in their ^ild 

state in a hollow tree, although those found wild in America are 
all escaped domestic swamiSp The niunbers in a colony vary from 
ten tho^^and in winter to fifty thousand in summerj of which but 
one individual is a fertile female, possibly several hundred are 
male OP drones, and the rest sexually immature females op the 
workers, all three sorts being anatomically distinguishable. The 
<jueen is merely the mother, never working or gathering honey as 


C 





with the bumblebees, while the drones aet as consorts for the queen, 
only one in a thousand, perhaps, performing any real function for 
the colony at ah. The workers “ build brood- and food-eells, gather, 
prepare, and store food, feed and otherwise care for the young, 
repair, clean, ventilate, and wana the hive, guard the entrance 
and repel invaders, feed the queen, control the production of new 
queens, and distribute the species, founding new communities, by 
swarming” (KeUc^g). Although the colony is pennanent, its 
members die just as in human communities. The workers which 
hatch and labor in the spring and summer rarely live more than 
six or eight weeks, whUe those bom in bte autumn may survive 
the winter. Queens live from two to three, even five years, while 
the dronea all die or are killed by the workers before the coming of 
winter. Feeble workers, larvse, and pupoc are gcnendly also slain. 

The ants, of which Uie total number of species has been esti¬ 
mated to be at least 5000 (Wheeler), arc without exception com¬ 
munal, and have carried their societal evolution further than any 
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other aTiimal, not even excepting the lower races of mankiad. 
Wlieeler of thein : 

"'Ants are to be foimd everywhere, frein the arctic repees to the trcp- 
iesp from tiinberline on the lofticiit mountaLns to the sliiftiei^ ^&n6s of the 
dnnes acid sea’^horesp and from the danipe^st forests to the driest deserts. 
Not only do they outnumber in individuals ail other terns trial aiumalsp 
but their eolorties even in veo' l ireumscrii>ed lcM?aiitica often defy enumer¬ 
ation. Tlieir colonies are, moreover, remarkably stable, sometimes out¬ 
lasting a generation of men. li?ueli stability is^ of course, due to the longev¬ 
ity of the individual ants, since worker ants are kno^ to live from four 
to seven and quoerLS from thirteen to fifteen yearn. Id all these respects the 
other social insects are decidedly inferior. . , . Not only do the ants far 
ontimmber in species all other social inseets, Jmt they lave cither never 
aequinedp or have completely abandoned^ certain hahits ’which must 
seriouiily handicap the termites, social wasps and bees in their struggle for 
exiftt&nee. The ants neither restrict their diet, like the tern dies, to com¬ 
paratively in nutri tions substances such as celluJo^, nor like the bees to a 
very few aub^tonees like the honey and jK>llen of the evanescent flowers, 
nor do they build elaborate combs of pKjjensive materials, such as wax. 
Even paper as a building j^terial hm^ l>cen very generally OLit^^rown and 
abatidoned by the ants. Waxen and paper celJa arc not easily altered or 
rei)aLtedj and insects that are wedded to thi^ kind of nrehiteoture, not only 
have to expend much time and energy in coItectinR and working up their 
building materijils, but they are unable to nio’^ e tlicmselves or their breed 
to other localities when the nest Ls disturbed, when the moisture or tem¬ 
perature become mifavoreble or the foiKl supply tails. The custotii of de¬ 
pending on a single fertilissed queen os the only reproductive center or 
organ of the colony hm also been outgrow7t by many ants. At lea^t the 
more dominant and successful species have learned to cherish a numl>er of 
fhe^ fertile individuals in the colony. Finally, the manifold and plaiitic 
n>!atk»u-<hips of ants to plants and other aniiuals are in marked conlnLst 
with the circumscriljed and highly specialized olhologkal relationshijw of 
the social bees and wa>ipt 5 , Hie termite^ undoubtedly resemble the ants 
most closely in plasttcity, but. . . these Insects too, are highly apccifaiWd* 
or onesided in their development. Hus h seen in their extreme sen¬ 
sitiveness to light, for ihw practically confines them to a subterranean 
exL^tefice and exdudcs them from nrany of the influences a^orded by a more 
varied and illtnuiiiated environment^’' 

The social evolution of the ants parallels in a very remarkabie 
w-ay that of mankind and from tiiLs point of view they may be 
claimed as fora^n^^ herding^ and agricultuml ants^ with lesser 
groupings as w^eli. 

1. Fora^ng or marauding atils. Tlie genus Edton^ the so-called driver 
ants, best Mustmte tl^ stage of savagely, especially on the part of cer¬ 
tain Brazilian species in which ^ in their long marches in search of booty 
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the Croat annj’ w said to be tnarshaled by biK-headcd offieeits and 1^ by 
fiCOLtsI These ants make their espeditions to the nest of other ants for 
the purpose of eapturin(5 the Iar\'!!; and pupte which are u«d u food, and 
such as are not dei-oiued are stored in the temporary nest, their captoR 
being nomadic, and are u«d for some time after the foray is over. On tlie^ 
long mail lies they carty as booty the dead bodies of ^'anous insects as well 
as the helpless yauiii; of the pillaged ants. 

2, ants, Sla\K^LQlding seems to lie a nati^al oukome of 

the habit on the part of the marauding ants of bringing home the lai™ 
and put® of otiier ant colonies. Of course if all were before 

emerginK as adults, such a thing could not hapjx-n, hut. as Kcliogg says, 
the instinct of the hatched workers is to work, and m w-ork tlicy do; hence 
if any captives sunived and tlicir work was flf advziiitA^ to the raider 
communitv, natural selection would do the ^t. In the beginning there 
were no skvcmakois but only raiders who raided for slav^ 

But by bringing home extra supplies of this food, which hatcli^ and h\eti 
and worked in tlie new nest, evolution from food to skves and from raider 
to slavc-makefs baa naturally taken place. * 1 ,.,;, 

fSome sbv^making anL- are now abaolotely dei»ndcnt upon their 
captives for all work done in the colony, and one, Fdytrs^, h^ ^ne w 
far that it can neither dig nor care for its young or even keep itself from 
atarx'ation in an abundantly atoreil n«t without the aid of its akves. 

'‘Speciatiaation is leading Poiyo'gut tfl ita end* k,.!,.™ in 

3. Herding aiiCs. These are in reabty comnien^ fonits hvmg in Iren- 

eficial afsoeiation with ottier insects, notably the aphids or planHice. 
The antSp hoiii'ever^ B3 ^ ^ C 

cme wouJd suppose^ ar& 
the mflsters ftnd tba 
aphick sen'e theoi ^ 
dotaestie eattlc terve 
Tnankind. Tho economy 
can best be undei^lood 
by a fipeciic in^tanc#, 

that of the little brown +1 * 

ant Loiiiii hrimiicus, which gathers the young lanie of the corn-rtMt louse 
in the fall and keeps them safe beyond the reach of any imtund eneini® un¬ 
til spring, when they are t«ins;»rt«l to the roots of cerUm wc^s imtd the 
com germinate., and then to the roots of the grewmg corn and herxU^ there 
until iiiating time in tlie autumn, when they are aliowi^ to j«ur and their 
offspring prcseiwed as before. Other species gather various plant-hcc eggs 
which they coaserye during the winter, eolonume them upon their prefer 
food-planis in the sprmg. In return for this care the ants seeme from the 
aphiij the «>^alled honey dew which exudes from two tulio-hke proces*^, 
the honey tubes or cornicles, projecting from the upper surface near he 
eud of the abdomen. I'be plant-lice readdy yield the honey dew to the 
ante though in some eases the ants may not feed upon it directly i)Ut U|»n 
a fungus which in turn grows upon the sweetish Mudatioti accuimilalmg 
upon the surrounding Jeaves. Certain of the aphids seem to i>e utterly 



Kig. 33.—Red ant, Fm^tcn rufa. A, male; R, 
worker; Cp female, (After Rielmi, from Parker anti 
IleawclL) 
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dependent Upon tic amts for tJieit wcU-bcing if rot for tlieir vetj- ct- 
istence. 

■1. Agricxdlitrai aii/e. Tieic harvester ant^, as they are perliape more 
accurately called, belong to the genua Pofjotidmyrma;, of which nine 
Bpeeiea occur in America, ciipecjaily in the West and South. They form 
communities, usually of considerable siae, the nests being partly below, 
partly above ground iu the fomi of large tymmetrictil heaps in open sunny 
pieces, generally where there is more or less grass. The nists are stored 
witii seeds and grains, garnered from the surrounding grasaies which are 
cut away in the area immediately contiguous to the nest. From this bare 
area wcll-wom trails diverge into the surrounding grass. Tile hairester 
ante lia\^ l)eeiJ said actually to plant their favorite grasses, especlaJly 
that known as ant rice or /Irutfida, to the exclusion of other crops. This 
Wheeler has shown to lie untrue, but a %’oluntary planting Lh simulated 
by the fact that chaff or sprouted seeds, which would be valueless as 
winter rations, are removed from the neat and dropped at the edge of the 
cleared circle and in many instances take root and grijw, rosulthtg in an 
unintentional sowing of seed, and na Aristida seeds make up a huge part 
of the food^toies, a majority of the piante about the nest may be Arieiufo. 

5. Hanty ante. Tliere is a species, Myrmecoeyttvs found in 

the semUarid West, which McCook has especially studied in the Garden 
of the Gods, Colorado, where their mounds occur in hundreds. Certain 
of the workers through a curious structural modificatiou may become 
greatly distended with honey so as to be as large as a Email grape. "These 
honey-bearera haug by their feet from the ceiling of amall dome-shap^ 
chambers in the nest; their yellow bodies stretch along the ceiling, Irut 
the rotund abdomens hang down as ahnost perfect globules of transpar- 
ent tissues through whicli the amber honey shines. The honey is obtained 
by the workers from fresh (growing) cynipld galls on oak-trees, which ex¬ 
ude a sweetish sticky liquid which is brought in by foraging workers and 
fed to the sedentary honey holders by regurgitation. It is held in the crop 
of the honcy-bcarcr, the distention of which produces the grftit diiation 
of the abdomen. The stored honey is fed on demand to the other workers 
by regurgitation; a large drop of honey issues from the mouth of the hooEy- 
bcarer, resting on the palpi and lips, and is eagerly lapped up by the feed¬ 
ing individuate, two or three often feeding together. A somewhat similar 
honey ant, Pranolepis iwparis, is common in California.'' 

6 . Thief atibt. These are abundant Uny creatures, belonging to the 

spcciEs Solerutpais moleKta, which live in association with several different 
specks of larger ants, feeding upon the lan-n* and pupa;, so tliat thev are 
in a sense marauder ante, of which we have already spoken. The smaller 
gntlericfi of the thief ants lie beside the larger ones'of their hosts and cm> 
caaionally open into them, so that the Ijuiglarous creatures, which are 
email and obscurely colored, can carry on their depredationa with mipu- 
nity, escaping into their own gallerus, which the larger ante cannot enter 
w'hcnever they are detected and pursued, ’ 

7. Cotntttcnsffi/ ante. These also Ii\x at the expemw of associated species;, 
but apparently give some return for the benefits enjoyed, which the tliief 
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do not. One such instance;, recorded by Wheeler, is that of the com^ 
mon red-hro\Ti'n aut Myrtnica brenn^dii^s and the snnfillcr Leptotharax 
“The little I^ieptothorax anta live m the ^lymiie* nests, bulldmg 
one or more clminbeM with entraitccfi from the Myrmica ga!]e^ic^s^ so 
n 4 riY>w thiit the larger Myrmicas cannot get through thenii- WTien needing 
food the Lep tot harass workers come into the ilyrtnieft galleries and chani' 
here, and, climbing on to the backs of the Myrmicft workers, proceed to 
lick the face and the back of the head of each host. A Myrmica tliiia 
treated 'pauised/ says ^tTieelcr, 'm if Epehbound by this shain[X>oing 
and oceaaionalJy folded its antenmr as if in sensnoua enjoyment. The 
Leptothomx, after licking the MjTmica^s pat^, moved its head around 
to the side and beg^n to lick the cheeks, niandibli^i and labium of the 
Mymiica. Such ardent osculation was not liestowed in vain, for a v'cry 
minute: drop of liLiuid—evidently some of the recently imbibed sugar- 
water—appeared on the ^Iymiiea''a lower lip and was promptly lapped 
up by the LeptotliomK. The latter then dismounted, ran to another 
M^Tmica, climbed onto its backj fund rej^ated the vety S 4 inie perfoitnanee* 
.Again it took toll and passed on to still another Myrmica. On looking 
about in the nest, 1 obsen ed that nearly aU the T^ptothorax wwkem 
Were siniilorly employed.^ tl'heeler belicv'cs that the Leptothomx get 
food only in tlus way; they feed their queen and larva; by regurgttatiam 
The Myrinicas seem not to r^t at all the presence of the Leptothorax 
gucets, and indeed may derive some l^nefit from the constant cloaiismg 
lieking of their bodies by the shonipooers. But the Leptotborax workers 
are careM to keep then queen and young in a separate c^ber, not 
accessible to their hosts. This ia probably the part of wisdom, as the 
thoughtless habit of eating any conveniently accassibie pup^ of anoth^ 
fepeciea is w^ide-spread among ants” (Kellogg). 

Majikind 

The evolution of mankind forma the subject-matter of later 
chapters. He is tonriay, especially in his more highly 
state, the final product of coromuiial lifCf for while much may bo 
accomplished by man aa an individual, it is only in cooperation 
with his fellows that his great supremacy over the brute and physi¬ 
cal creation may be manifest. None of man's rebtives among the 
primates are more tlian gregarious, and it is probable that, untd 
the descent of the human precureor from the arboreal habitat, 
he waa but greKorious also; terrestrial existence only permitting 
the development of true communal life. If this be true, his com- 
munal cooperation can hardly antedate the Eocene may 
weU have had a still more recent beginning. Our fossd records 
show that of the two groups of inlets whose societal evolution 
compares with that of man, the tennites were ph>-sically perfected 
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by early Eocene, the ants during Oligocene time. The presump¬ 
tion b therefore that their evolution since these several dates has 
been purely societal If this be true, their commuDal life in each 
instance antedates that of the sentient head of the animal kingdom 
itself* a fact which entitles these humble creatures to increased 
respect. 
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CI1.\PTER XVII 
PARASITISM AND DEGEN ER.\CY 

Wb h&vB spokcfl iii ftirlicr chapter t^liaptcr II) of th& 
mutual dcpBiidBiice of aesoclatcd organiama upon each other for 
protection, tranaportation, and foodn WTierc this is a mutually 
beneficial partnerahip, w‘e have called it commerLsaliiim or sym¬ 
biosis, but a-heie one of the partners is unwfflinR and the benefit 
of the association is all with the other, it is called parasitism. 
Undoubtedly certain of these partnerships lie on the border line, 
and it seems etpially true that many cases of true parasitism ha\ e 
arisen out of a benign ai^sociatioDr 

Creatures which are not frec-Uving, but depend upon others 
directly for their food are extremely numerous, aud of these the 
nn<^ bearing the relationship of parasite to host numl)er, according 
to one authority (Eccles), more than half of all the animal creation. 
Hence as a means of adaptation for sun ival parasitism must be 
looked upon as a remarkably successful de\'iee, although the 
sultant evolution may often be one of retrogression and ends 
in greater or less degeneracy according to the degree of parasitism 
and the relative rank of the animal at the beginning of its degenem- 
ting career 

Bionow ic CUas^sIFI cation of Pai<a bites 

Aside from their natural taxonomic rank in the animal or plant 
kingdom, parasites may be dirided bionotnically mto the followmg 

groups, . ^ m 

First, as to duration, parasites may be either Temporary or 

PermunenU ... 

Temporaryorpartial pamsites are the creatures which, like many 
iUBects, are parasitic during but a iwrtion of tbeir life ^d fr^ 
living at other times. In some cases it is the adolescent v hich has 
become para.sitic. This is true of the parasitic Hymenoptera, whose 
eggs are laid by being thrust by means of a special device (oviposi¬ 
tor) into the body of another ineect, a caterpillar for instance, 
within which the entire lanal state is passed, the parasite feeding 
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as a rule on the fat-body or other ncm-i-ital portions of its host. 
When its krvo] tune is fulfilled, the parasite emerges through the 
body-a-all, spins a tiny cocoon on the outside of its host, within 
which it pupates, and finally emerges as an adult fly of free life 
and habits totally distinct from those of its young. Another in¬ 
stance of a temporaiy parasite is the ordinary dog or cat flea, 
this time parasitic as an adult, living its adolescent life in the 
cracks of the floor where sufficient organic material is usually found 
to give it sustenance. Tliose whose parasitic career embraces the 
adult condition, as in this instance, show greater degeneracy than 
those parasitic as young, for the higher the animal ia, the greater 
the fall, and an adult has generally attained a loftier plane of 
development than its young. 

Peimanent or total parasites are such as have pract ically no free 
stage in their career, like the dreaded trichina worm to be described 
later on. This creature is found encysted in the flesh of one host 
and passes to the next through the latter having eaten of the first, 
and normally an indefinite number of genenitions may live their 
lives without ever being in the outer air. Permanent parasiles are 
®iure frec^uently found among lou'cr forms and always re^^uire a 
succession of similar hosts or a blood-sucking aitcrnativc host, while 
the groat proportion of higher parasites arc temporary. 

Parasites are also classined as to degree into Facultative and 
Obligate. 

Facultadve or optional parasites arc terms applied to the more 
adaptable sorts which, Uckiug their notmal host, may turn to 
another, or even mdst as frec-li^ng forma, hfany pirasites are 
facultative, although in some cases the new ho.st may be closely 
related to the old. 

Obligate or compulsory parasites, on the other hand, are the less 
adaptable sorts, and require a definite host or suceeseion of hosts. 
It is questionable whether very many parasites arc strictly obligate 
in the sense of rcquiriHB a restricted species. Certain tapeworms 
arc such however, the human tapeworm, Tsma sdium. being 
derived from the flesh of the suine, while T. iaginata has for its 
alternate host the domestic cattle, and their adaptation to the 
human mtestme is bo perfect that they cannot Iw made to li^-e 
anywhere else, for repeated experiments with monkej-B, dogs cats 
sheep, goats, pigs, and rabbits have failed to establish these worms 
mthin them (Petruntevitch). The tuberculosis organism on the 
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Other hand, is facultative, with, unfortunately, a rathw wide range 
of hosts. 

The third grouping is with reference to the position of the 
parasite, w'hcthcr upon or within the host. 

External or superficial parasites, which confine their depreda¬ 
tions to the outside of their host, are escternal or ectoparasites, 
such PS the flea of which we spoke. External parasites, which 
are largely arthroporb, may become degenerate but are rarely of 
such vital moment to the host m themselves; it is only when they in 
turn are parasitised and are thus the (arriers of disease that they 
become a real menace. 

Internal or intimate parasites fendoparaatee) are many, and 
while a large number of tbem have retained the primitive simpbcit j 
of their free-living ancestors, many of those w'hich are zoologically 
high in the scale of life show a very marked degeneracy which U m 
some cases extrenie. Many Protozoa, bacteria of dLsca$^p and 
especially wemns of various sort^ are mduded under this head. 
The«e intestinal parasites possess what is called an aoti-body, 
which prevents their digestion by the fluids of the host, otherwise 
they would be thus destroyed. 

Effuct of Pakasitism 

On the Host.—The effect of parasitism upon the host is gen- 
erally a harmful one with no compensating benefit. It docs not 
invariably result fatally at once to the individual, but ro many 
adolescent insects prevents their reaching the adult stage and 
therefore renders impossible the procreation of further generations. 
Again, it may either destroy or prevent the development of the 
sexual glands and in this way givts rise to the same result. In 
preserving the balance of nature, parasitism is undoubtedly one 
of the strongest factors, keeping naturally prolific creatures 
effectively in check. There is reason to believe that it has had 
much to do with the extinction of prehistoric races of animals, 
and Doctor Eccles has brought together some interesting data 
which bear upon this problem. He behevea, and his observation 
are based upon extensive study of germ diseases, that apparently 
all animals of the present and past are infested by one or more 
parasites feeding upon the host, and that the parasites are tliem- 
selves infected by parasites. This is known as hyperparasitism and 
has been actually observed to the fourth degree. 
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In the course of time the sun-ivLng h(Bts become itemune to the 
[parasites and alJ goes well until new ruigrants arrive, bringing new 
parasites and therefore new diseases into the area. The new disease 
will cause immense destruction until the native animals, or the 
surv-ivois of them, again attain Lmmunity. Therefore times of 
renewed ntigration, which, as we have seen in our discussion of 
anlinal distribution, arc concurrent with the formation of new 
migratory routes—land-bridges, forest tracts, removal of old- 
time barriers, and so forth should be tunes of disestablishment 
and economic disorganization. 

Immunity to disease does not necessarily mean immunity to the 
parasite, but rather that the host has become capable of enduring 
the parasite within its j^'stem and at the same time showing e%'eiy 
manifestatioa of perfect health. Nevertheless such an individual 
may be a carrier of the disease of the most insidious sort, as mediciil 
practitioners have learned to their sorrow. One notable 
in point is that of the cattle-infesting Texas fever which has been 
thus graphically described by Doctor D. E. Salmon. He says: 


The cattle which spread the disease tliemseh^, apparently in 
W»d health, while the cattle that become sich do not thc^naclves dissem¬ 
inate the contuRioQ. Aenm, susceptible cattle might be mjtiEled with 
impuiuty with rattle fmm the infeeied district, providing this minEline 
Mcumd immediately after their arrival, and did not contintie Itinaer IhZ 
two w tiiree weeks; w'liile, on the other iinnd, susceptible cattle tliat later 
in the jseason trespassed for even a few minutes on the pastures whera 
the uifcctiotis cattle liad been would conttBct a moat violent form of the 
:k ‘_Li b caused by a microscopic parasite, which 

witiuti the red ^obulcs of the blaid. The cattle in the infeeted district 
carry tliks parasite permanently, and are so nearly bimune to its effects 
t lat tliey remi^ m good health notwitbUuding its presence in their 
^ot tio, however with cattle whieh never before hare encountered 
It, U Ith aueli aniuiafci it destroy^; the rwl rarpusiciqa aud reducifcf them to 
one third or one fourth the normal number. An intense fever is produced 

wrelS’-'two 


The Last Coast fever of Africa, which is very similar, u. caused by 
a very closely related parasite which likewise lives in the red cor¬ 
puscles of ihs host. Infected East Coast cattle show no ill effects 
but are -carriers " of the disease. Non-Lmmune cattle brought into 
the Coast region are open to certain attack, and the assertiem 
has l^n made that out of each hundred which arc thus aasailed 
but five on the average survive. In one epidemic, due to the 
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mtroduction of infected animals into the Transvaal, IS^OOO cattle 
died. In tr>T 3 aiio$omiasis (sleeping sickDcss) we have another 
instance of this same condition. Notwithstanding the fact that 



there may be no sick animals in the fiy countTy of Africa^ no 
horsEs, cattle or dogs can venturej even for a day* into the legton. 
Most of the wild animals, how- 
everj the buffalo, koodoo, and 
wildebeeste or gnu, carry the 
trj'panosomes in small nuxnbcra 
in their blood;, and it is from 
them that the tsetse Qy obtained 
the parasite. The wild animals 
act as reservoirs of the disease^ 

The trypanosome seems to live 
in the blood of the wild animals 
without doing them any mani¬ 
fest harm, but ivhen introduced 
into the blood of such domestic 
animals as the horse, the dog^ 
or the ox, the victims rapidly 
Bickcn and die- 

On the Parasite.“The effect 
of parasitism on the parasite, 
which may be mnch or little^ on 
the part of the higher forma at 
least is invariably one of degen¬ 
erative specialiaationy the parOr 
site being below the standard 

of its free-li%1ng congeners. Of Piu-aaite which causes disn 

course, simple ancestors imply ease amoag cattle, Trj/panit^a thH- 
j hlMl of cattle in Trima- 

httle or no degeneracy; on the ^ ^ 

Other hsnd^ the retrogresrsion Calkma.) 

may be profound if the parasite 

be one of high descent. In temporary parasites the alteration may 
not be so decided as in permanent ones, but it varies with the 


degree of adaptation to parasitic life- 

Parasitic organisms, like sedentary forms, are apt to lose their 
Organs of locomotion and develop inatead structures for attach¬ 
ment or adhesion^ such as tentacles, hooka or suckers. Correlated 
always with the dimi nution of locomotive powers is that of the 
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orgiyjs of spwi&] senae'i the only setiw reinsjuing in extremft je- 
stances being the tactile, wliich is a primordial function of proto¬ 
plasm itself. The nervous system as a whole shows degeneracy. 
There may also be a slmpliScation of the external skeleton as in 
arthropods, especially if the pwaaite be internal, 

Parasitism often means reduced metabolism and a consequent 
reduction of the v^etativc organs, such as those of respiration and 
cumulation, and especially of the alimentary eanaj, wherein the 
digestive glands are the first to disappear, for, as in certain intesti¬ 
nal worms, notably j 4scon’s, the organism lives virtually in pre¬ 
digested food which only awaits absorption. Xu the tapeworms 
the extreme is reached, for in them there is no trace of alimentary 
canal at all, the nutrient medium in which the animals live being 
absorbed directly through the body-wall of the flattened de¬ 
generate. 

The reproductive organs alone suffer no diminution, but on the 
contrary' may become stiU more highly developed, especially among 
mtemal parasites, for among these in particular the vicissitudes 
attending the organism during its life cycle and espeeiaUy during 
its migration from host to host are great, and fecundity must needs 
be proportionately increased. Hennaphroditism frequently char- 
acterijffis the parasite and in some instances self-irapregnafion 
s^s to occur. Parasitic plants lose many organs but never the 
blossoms, which arc often of wondrous beauty, as for instance, 
certain of the orchids. 


Value op RECAptrirLATioM 

Were it not for the assumption, therefore, that the life history of 
the individual tends broadly to summarize the evolution of its 
race, and that the earlier stages in ontogeny may repeat those in 
the phylogeny, taxonomic (,. e., s^logical or botanical as opposed 
to bionomic) classification of some parasites would be virtually 
impossible, Xor example, in the crab parasite, Soceulraa 35 ) 
we so extreme a state of degeneracy that the creature b 
reduced to a condition not unlike that of a tumor growing on the 
under side of the host s abdomen (see Fig, 3.’5,C). Dissection shoe's 
this tumor to possess nothing comparable to an alimentarv' canal 
but m Its stead a largo growth of ramifydng processes, like Rootlets’ 
extending through every portion of the crab's anatomy even te 
Its eyes, and serving to extract nutritive juices just as the rootlets 
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Fio. 35.—The nudir of pamattisra. iSoecu/fAo effrrfni. A and H, luival {nau* 
pUw) fllaeea: C, cmb, Cafcinruf marntw, with a omture Socfu^iui in atn, ahow- 
iae nunifv-ins ''rwrta" fomitted f™in kft dde) wbi^i. eirtr«t nounshmcnl 
ffnm tbe cfsb. fAftcr Delage, frain Uuckart.) 
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of a plant absorb Qouiiahment from the soil. Within the body of 
the parasite are a decidedly reduced nervous sj'stem and enor¬ 
mously developed reproductive organa. Such is SaeculiTUi, and as 
auch its classification is impossible until its life history is revealedj 
when its taxonomic rank is at once manifest. 

Sacculina is at the nadir of parasitic degGneratioii. Ilut what of the life 
history? Out of the brood chamber there emerge Naupiims-lurMU', aith 
three pairs of appendages, without food-canal but posscsising a median eye. 
They pass into the second—a blind Cj-prid larval stage. These fix theai' 
selves, just like bamaclea and acom-slielis, by means of their first pair of 
feeler!), to the back or limbs of young cral», finding a soft place at the base 
of the large bristles or setse. .411 but the head region is east off; the struc¬ 
tures within the head contract; eyes, tendons, pigments, and the remains 
of the shell are all lost; and rt titii’ sac sinks into'the interior of the crab, 
Kveutuatly it reaches the ventral surf ace of the abdonwn, and, as it ap¬ 
proaches nvaturity, the cuticle of the crab softens beneath it, so that the 
aac-like body protrudes. It seems to Jive for three year^, during which 
the growth of the crab is arrested. The reprodvirlive organs of female 
crabs are partially or completely distroyed, while the males either take 
upon themselves female characteristics in varying degree or become actu¬ 
ally hermaphroditic (Thomson). 

The life history' of Soccttftnd up to the time of its fixation is 
therefore essentially os in other barnacles, hence its inclusion w'lth 
them in the order Cirripedia. And the larval stages—the NaupHus 
and Cypris—are found in many other Crustacea, and therefore 
the barnacles are included within that class. As adults the diag¬ 
nostic crustacean features are certainly conspicuously absent in 
Satxviina, so that it may be said of them, although in a perverted 
sense, “ By t heir fruits ye shal I know them 

Examples op Pabasjteb 

Sporo2oa.—One group of Protozoa, the class Sporozoa, is com¬ 
posed exclusively of parasites. It is possible, therefore, that their 
general similarity, shown in the absence of locoinotor organs and 
in their mode of reproduction by means of spores, may be due to 
convergent characters resulting from their parasitic mode of life. 
In other words, instead of a natural group of related organisms, 
wc may be dealing with a heterogeneous assemblage derived from 
several more or less remote anc^tml stocks. The Sporozoa are 
all internal parasites, some of which inhabit the digestive tract of 
their host, others the coelome or body cavity, others the cells, and 
yet othera find lodgment in the very nuclei of the cells themselves. 
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FidfllJy, some are blood-inhabitanta. In many eases there may 
be modlGeations of these several modes of life or combinatioos of 
them. Of such is the malaria organismp the genus Pla^smodiumt 
seveml species of which give rise to the disease known as malaria 
in the human being. The three undoubted species are Plasmodium 
mvaXf producing tertian fever in which there is an attack every 
forty-K>ight houjTs; Plusmodium falciparum^ giving rise to the perni¬ 
cious autumnal or mahgnant malaria characterized by daily or 
more or le^ constant fever; and P. iwafaria?, producing quatram 
fever which give^ rise to parox 3 f^ma every seventy-two hours. I'lie 
significance of these attacks is that they coincide with the periods 
of schizogonous (Gr. to split) reproduction of the parasite^ 

during wliich it migrates to new blood coipuscles. At such timea 
there is a decided anemia and pois^oning which give ri?e to fever 
and other bad conditions due to the impoverishment of the blood. 
Even death may ensue. The parasite therefore reproduces by the 
formation of ^'spores,” but ultimatelyj sex elcmeuts, male and 
femalep may be developed; actual sexual reproduction does not| 
howeverp occur in the human host. If the person is then bitten 
by au Anopheles mosquitOp the latter's digestive fluids destroy 
all of the malaria organisms contained in the extracted blood except 
such as are in this sexual stage. These then pair and the fertile 
cell bores into the walls of the mosquito's gut where it gives rise 
to many spores which arc finally liberated into the body cavity^ 
w'hence they are carried by the blood to the salivary glands and 
there come to rest. Upon biting another person, the mosquito 
injects a tiny portion of saliva into the wound—hence the sting— 
and with the saliva comes the malaria germ. 

As these organisms are all of the same broodp their subsequent 
periods of reproduction ooincidon so that a constantly mcreasing 
number of spores h liberated at stated inters alsp depending upon 
the speciesj until ultimately the numbers are incredibly largc^ and 
the effects upon the patient proportionately severe. Plasmodium 
is therefore a permanent^ obligate parasite;, but as its anceslom 
were lowly forms, there is probably no very marked degeneracy as 
a n^ult of its parodtie adaptation. 

Worms—Among the roundworms, NemathetmintheSp there ie a 
very terrible human parasite with a relatively simple life history. 
This is TrichiTiu spiralis^ a somewhat facultative type, as it has 
been recorded from the rat, dog, catj pigp and mao TncAiM 


ORGANIC EVOLU'rlON 


(see Fig. 36) lives encysted in & st ate of quiescence m the voluntary 
nr skeletal muscles of its host. Elach worm is coiled in a ch&r- 
acteristie spiral within the limits of a single muscle fiber, and 
surrounded by a small, limy, lemon-shaped cyst. If the host 
eaten by another—the imperfectly cooked pig, for instance, by 
man—the acid of the gaatne juice dissolves the cj-sts and liberates 
the worms. These are of separate sexes and immature, but they 
soon grow up, pair, and the females give birth to a thousand off¬ 
spring each. These bore through the walla of the stomach and are 



Flc. 36i—^Trichina Bpirulis embedded in miiBL'k. 1-3, in the iiit<sa- 

line or the pi*; 4, Larv® in the Irfocd of the pig; 5-7, TritAina in muflclc. I, 
female, with Innn* IimiD; 2, male; 3, aanip, showiB* hinder end with copuJatory 
Otgiui; 5, Trichina in muscle, not yet enej'stM: S, same, encyale<J- 7 bemnnins 
ef coktiicatloD of tho eyai. All greatly enEarged. (After tlscikor and Fiebiaer, 
from DoUtiDO 

carried by the blood stream to adjacent voluntary muscles such as 
the diaphragm. Here the creatures enter and pass between the 
muBcle-fiters for a certain distance and finally pierce the membrane 
surrounding some one fiber, enter, coil, secrete the surrounding 
cyst, and the life cycle is complete. An ounce of infected pork 
has been estimated to contain 80,000 worms of which perhaps half 
arc females, and if each produces 10(X) young, the surprising total 
of dO,ClOO,(KK) worms may be derived from a single ounce. The 
trichina population of a diseased man hps been calculated to equal 
JOO.fXKl.OOO—the population of the United States in After 
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CDCj'gtment is ftccomplishfid, the patient, if he has survived, 
coveis, but grievous symptonta diagnostic of tlie disease trichinosig 
ate manifest during the period of parasitic activity and in a cer-* 
tuif] p^^rc^ntage of Cflscs death 

Trichina is a permanent paraaitOj never haidng a fiiGe-living 
fltAge; it docs not, however, show marked degeneracy except that 
It is capable of witbatanding long periods of quiescence—ten years 
at least, how much lonficr h unknown. Alternate hosts of different 
species are unnecessary', provided cannibalism exists. 

Among the flatwonns, Platyhelminthcs, there lire nuniero^ 
parasites, of which one of the most interesting from the stand¬ 
point of itflj life hbtory is the liver-flnke. FoscioEa hepatica, which 
inhabits the liver and bile ducts of the sheep:, deer, and oertam 
other gracing animab- Thb is a rather large worm, ^ such forms 
go, at least an inch in length, flattened, leaf-like, and provided 
i;^'ith suckers for attachment and the getting of food. The worms 
are hermaphrodite and the reproductive organs, both male and 
female, occupy a large portion of the animal h interior economy. 
They are thus highly prolific and their parasitical degeneracy is 
manifest in that they are self-fertilizing. The eggs thus produced 
pass doiivn the bile ducts and through the intestine to the outer 
world, where each hatches into a minute larva, ciliated outside, 
and provided eyes. The eggs soon die if the ground is dry, 
but if they fall upon moist ground they may survive for several 
weeks, and if into a pond the lart'ffi soon emerge in search of a 
new host. 

This new host is a pond snail (LywiraaTts or minulm} 

or a Helix will do, any of which Foscfaln enters by way of 
the respiratory aperture. Established within the respiratory organ 
of the snail, the lan a loses eye-spots and cilia and changes into a 
eporec>"st, within which develop a number of bodies known as 
rediiE, wiiich are asexually produced of a second sort, pro¬ 

vided this time with digestive on^^ans. Each redia usually gives 
riae to more redi^e, and these in turn to the third larval fonn knowm 
as cercariucp w hich also have a digestive s>^tem, suckers, the rudi¬ 
ments of other organs as well, and a weU-dcveloped loconi otor tiub 
so that the creature resembles superficially a inimite tadpole. Tho 
cercaria? am no longer content with the snail for a host, but pasa 
out of it, being distributed by its wanderings, leave the water, 
climb up a blade of grass, lose the taU, fom over themselves a 
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flattened, circular, Limy cy'st and lie in wait for the sheep. The 
latter eat the groas,^ C 3 'st and oil, the e^'st lUsselves and the cercaiia 
is liberated. It now passes up the bile duct from the intestine to 
the liver and grows up directly into a fluke. This very' roundabout 
process is the only way whereby the parasite may be perpetuated 
within the sheep. 

Several interesting biological principles are here illustrated: 
Generations of asexually produced forms for rapid multiplication, 
the precocious production of offspring by immature young (pwdo- 
genesls, from Gr. waiy, child), the development of sensory and 
locomoti\-e organa where the creature is frco-Iiving, and their ab^ 
sence and the substitution of adhesive suckers during parasitic 
existence, and, finally, as a mark of degeneracy, hcmiaphroditism 
and self-impregnation, the latter being avoided by nature in that 
it apparently defeats the original purpose of sex. 


The tapeworms of the genus fsnta are curious, ribbon'tike forms eon'' 
eisting of a head-like organ or scolex, provided with suckers and some¬ 
times with hooks for attachment; beyond the seolex are a number of 
transveisG constrictions which divide the ammal into a great many sec¬ 
tions or proglottids, each of which is a sexually complete hermaphroditic 
unit. There is no digestive gs'stom, for, to has been said, the creature feeds 
by absorbing the already digested food in the allmeDtaiy canal of Ita host; 
other organs, nenous and excretory, ate present, but io common with 
other internal parasites the organs of procreation dominate those of every 
other B^tem. No locomotor or sense organs are present, but the creature 
can make feeble worm-lihe movementa. At about the two hundredth seg¬ 
ment beyond the scolex, where they are produced by a process of trans¬ 
verse constriction (strebilitotion), the male organs begin to appear, and 
further Wk toward the hinder end of ttie body the female organs become 
mature in segnienta which were originally male. Pairing is effected, per- 
liaj» with the anterior proglottids of the same worm, and the other f/rgaiis 
then become reduced, owing to the great development of the brood- 
qhamlwr or uterus. The first completed eggs are found in the four hun¬ 
dredth to riw hundredth proglottis and from this point backward they 
rajHdJy mcrea^ until a great number are contained in the much branched 
uterus. The ripe proglottids are detached and pass out of the host to the 
^und, where for a time Uiey move by contraction. AVithin the eggs in 
the meantime the embryos ba\'B become rounded bodies each armed with 
e« bwfcs (hexacantl. embiyoa). If tlie proglottis or the eggs should now 
be taken ill to the alimentaiy canal of a pig, the seconil host, the hooked 
embproa become free and bore their way by means of the hooks until they 
reach the voluntaiy muscles, where they wme to rest. Here they incresi:4 
greatly in size and develop into the proscolex. cantaining a cavity 
Ailed with a watery fluid. On the waU of the proscola a hollow ingrowth 
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is formed, on the iimeT eurfaoc of which suckers and hooka charscteristiv 
of the liead or acolex of the adult develop. Theu the hollow bigrofli'th tums 
rij?ht bide out^ so that these org^ tome to lie oo the outer aurface Tbua 
the biadder-wonn or eybUeercua ia formed, having a biadder^like expan- 
fiion to which is attaehed a structure comparabk to the head and neck of 
a mature worm. If the flesh of the pig is pow eaten by mm, without being 



Fia. 37.—Tapeworm of the pign Tienia wfiiim. .4* entire ffpecimell^ reduced! 
c, head; H, head or scoles, sbomng adlifiBivc hooks and fluckcfs, enlarged; C, 
proglottid or aegment^ enlarged^ laitb roattire tcproductive apparatus: fx, ex~ 
cr&tQiy' canal; longitudinal nerv-ea; am, ovary; p?, pore; abtlJ 

gland; ui, utema; nip vagina^ mf, vae deferens; pi/, vittekaq gland. (After 
Leiickart, from F^ker and HaewellO 


adequately cooked or salted, the worm ^ IJberatcdp the bladder abandoned, 
the head attached to the intcs^tinal wall, and a new tapeworm developed. 
Except for the bhort period which tlie mature proglottids spen<l beforo 
being devoured by the swine, this parasite is entirely internHl and m con- 
soQUentN^ shows marked adaptations for that sort ol life and none whatever 
for life in the open. Its powers of multiplication are enormous. Petninke- 
viteh tells us that sdium may live for from five to 15 years, during 

which time from two to five proglottids are broken off daily and pass out of 
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the host'is ilimentaiy canaL Each of these coutainj betweea 20,000 ^nd 
60,000 so that the yearly production may be as great as 18^200,000 
and the total upwards of a quarter of a billioD! In T^m ^^ginalaf which 
is much more common^ there nuiy be as many as 1^368,750,000 egp prt>- 
duccd by a worm, yet but one survivor is necessary for Ihe continua¬ 
tion of the species, which show^ how great a premium must be paid to 
insure perpetuation. 









Cnistacea.—The arthropods also embrace a host of forms which 
are parasitic—crustaceans, arachnids, and insects—and in the last 

there are pamsitic forma 
in as many as fi%'e orders 
out of thirteen. Among 
Crustacea some curious 
instaiices may be cited, as 
in Erga^im (Fig. 38,A}| 
which is parasitic upon 
the gills of the bass. It is 
recognizable as a copepod 
crustacean, but parasitic 
adaptation shov 
modification of 
termae into hooKS 
hesioOj reduction of legs^ 
loss of eyes, and very 
large egg $ac 3 ^ Another 
example is Lernssa (Fig, 
S8,D)| in which, as in Sao- 
culina^ all trace of seg¬ 
mentation is gone and 
the feet are reduced to 
the merest veatiaes. 
rna.xjll£e are adapted lor 
piercing the skin of the 
host and sucking its 
blood. The egg sacs are 
large, L^sieira (Fig. 
38,0, another copepod, 

* . is more degraded than 

adhenog between the skin and flesh of a fish iGenyj>terut 
UtKodis) by means of ita swoJIen head, the mst of the body being 


Fto. Sa.—Parsflitic Oustocea rGuMpepoda). 
A. ETyanUv*: B, CAflfdhwBFjiAuji; B', an tne. 
bole (m), eatarRo!; C, LtUcira: B, Lem^* 
at, egR saw, (After Parker ujd HaswcIL) 
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free. Chrondramnlhus (Fig. 38,B) has aothmj? to suggest a cop^ 
pod except the characteristie egg capsules. The fcinale is patasitie 
upon the gills of certain fishes and is curiously lol>cd. These 
lobes may, however, be recognized as autenniiles, hooked an- 
tennm which serv'e as organs of attachinenti maiidjbles^ and two 
pairs of legs. The male is less degenerate but is permanently at¬ 
tached to the female^ so t hat she is parasitic upon the fish and he 
upon her. 

A much Ic^ degenerate parasite is that mfesting the carp ArgiiF^ 
lu 9 , the carp-louse. Wiile having special sucker-likc organs for 
adhesion, which are modified limbs, it nevertheless crawls freely 
over its host. 

rfSflccufinap the most degenerate parasitic crustacean, has already 
been described* 

Insects.—Of insecta which subsist wholly or in part upon other 
organisms there arc hundreds of species, some remarkably de¬ 
graded, others showing but little alteration from the organizatson 
of their nou-paresltic aUic$^ As one would expect, these latter are 
free-hving as adults and only parasitic in their adolescent condition. 
Usually parasitism on the part of adults implies the loss of winga 
as in the birddioe (Alallophaga), true lice, scale insects, fleas, 
sheep ticks, and the like. In one rather rare group (Strepsiptera), 
the creatures live upon bees and waaps as hofUs during the larv^a 
and pupa state and in the female during the adult condition as well. 
The male, however, dev^elops wings as an adult, otherwise, as these 
are solitar}*' parasites, but one to a host, mating could hardly be 
effected. 

In none of the parasitic insects arc such complex life historic^ 
known as among the worms, although some of them, notably the 
lice and ticks, have evidently had a long parasitic career, as their 
adaptation is extreme. 

Mollusca.—Among other invertebrates, the echinodenns and 
sponges have no undoubted cases of parasitism, although the 
sponge Clionu bores into the shells of living molluscs, which it 
subsequently destroysJ and among the molluscs, parasitism is 
rare^ as the creatures have met the demands of the struggle for 
existence in other ways which have proved fully as effective. One 
interesting instance of parasitism is that of the larva of the 
fresh-w^ater clams Anorffjnia and Utiio. Normallyr peiccjr'pod 
molluscs have a ciliated mero-planktonic larv^a, but in the fresh- 
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water forms they become parasitic in the way to be described. 
FertilisatloD is efTected in the outer chambers of the female 
clam’s ^11 and the dev'clDpiD^ young remain in this brood-pouch 
until it is distended with the tiny creatures held together by 
the entangling of the threads which are secreted by each larva. 
This mass is shortly expeUed from the mother and lies on the 
bottom of the stream until it comes in contact with some passing 
fish, to which the young clams attach themselves by means of the 
booked shell valves. Unio lar%'ae usually attach to the gills, .flno- 
donla to the skin or fins. Here they become encysted by an ovei^ 
groulih of the skin of the host and are nourished by its juices. 
They arc thus true ectoparaait.^ for a period of about ten weeks, 
at the end of which they have metamorphosed sufficiently to 
assume the normal free life of the clam. This pam-sitism e\'i- 
dently has for its major purpose the retention of the species in the 
rivers, for were the larvts ordinary plankton like those of their 
salt-water relatives, the species could not maintain themselves in 
their Bowing liabitat, but would be swept out to sea beyond the 
possibility of retum. Relative scarcity of microorganisms for 
food may be a secondary' cause, but for the maintenance of habitat 
this parasitism is not only adequate but also justifiable. 

Vertebrates.—The vertebrates include few true parasites among 
their uumbeia, though the degraded hag-fishes are on the border 
lino between predatory and parasitic forms. There are, however, 
many instances of commensalism in some of which the mutual 
advantage may be quite unequal. Instances of vertebrate parasit¬ 
ism are the bitterlLng, a small, fresh-water fish, whose young are 
temporary parasites in the gills of mussels, and certam deep-sea 
angler fishes, in which only the females were know'll. Recently, 
how'fiver, the piales were discovered, which after a brief period of 
normal freedom became degenerate parasites upon the botiy of 
the female. 


SUMMAKY 

Weismann thus summarized the problem of parasitism: "The 
most conv'indng proof of the organistti'a power of adaptation is to 
be found in the fact that the possibility of hviug parasitically within 
other aniinala is taken advantage of in the fullest manner, and by 
the most diverse groups, and that their bodies exhibit the most 
marvellous and far-reaching adaptations to the special conditions 
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pw=>v fti1i TL^ witluii the bodies of other animalSs We have 
referred to the high degree reached by these adaptive changes, 
how the parasite may depart entirely from the typo of its family 
or ordetj so that its relationship is difficult to recogniEe, - . + 

"If we consider the number of obstacles that have to be over¬ 
come In existence within other animals^ and how difficult and how 
much a matter of chance it must be even to reach such a place as, 
for instance) the intestine, the liverj the lungs, or even the brain 
or the blood of another animal^ and when, on the other hand^ we 
know how exactly things are now regulated for every parasitic 
species so that its existence is ^ured notwithstanding ita de¬ 
pendence uf)on chance, we must undoubtedly form a high estimate 
of the plasticity of the forms of Life and their adaptability. And 
this impre^on will only be strengthened when we remember that 
the majority of internal parasites do not pass directly from one 
host to another^ but do so only through their descendants^ ^d 
that these deecendants^ too, must unddio the most far-reaching 
and often unexpected adaptations in relation to their distribution, 
their penetration into a new host, and their migrations and change 
of form within it, if the existence of the species is to be secured. 
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ADAPTi™ RADIATION 

Adaptation tyo en™onnient is one of the most obvious and at 
the same time remarkable qualities of hving organisms; in fact* 
it sums up nearly the whole result of evolution, and the real 
cause of it all lies in the germ-plasm itself, although it is mani¬ 
fest only in the somatopbsm of the animal. Operating in dis- 
^milar or unrelated groups whose life eonditioos are comparable, 
it has given rise either to parallelism or to convergence, so that 
animals of remote stoeks have come to look and act alike in so 
remarkable a way that one sometimea imagines relationships 
where none actually e(xists. Such creatures have been called homo¬ 
plastic (Gr, same + xXas^ia, anj1:hing molded, e. by envi¬ 
ronment) in contradistinction to homogenetic (Gr, yk3mf race) 
forms. Convergence is especially manifest in features concerned 
with, locomotion, food^getting, offense^ and defense. 

The converse of this is knowm as divergence, where creatures of 
the same or closely related stocks have gone their several waj'^s in 
their search for food and safety, giving rise to such varied adap¬ 
tation that the several extremes of evolutionary lines depart 
markedly^ not only from the norm or stem form, but abo from 
each other. This idea of divergence under new and strange con¬ 
ditions is not new but was recognised by Lamarck, w ho called it 
“embranchement” and by Dan™, who used the term *'diver- 
gience^^ itsdf to express the idea. Finally Osborn clearly stated it 
in the form of a law which he first called adaptive radiatiom This 
law may be re-stated in hb own w'ortb: 

Law of Adaptive Radiation.—Each isolated re^ou, if large and 
sufficiently varied in its topography^ Eoii, climate, and vegetation, 
win give rise to a diversified . . . fauna. The larger the region 
and the more diverse the conditions, the greater the variety of 
jaammab which wUl result. From a primitive stem form mdii go 
out in four diverse directionE^, the adaptations being mainly those 
of limbs and feet—also of teeth, but that of the teeth and feet do 
not necK^rily parallel." 
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While the terra adaptive mdiatiob fairly describes the pmcesa 
BE it oeeurs when the vertebrate classes aie considered^ yet adapiiB& 
branching more accurately expresses what takes place in the orders 
and famhieSp which do not radiate in all directions, nor alwa)-^ in 
straight linesj but in branches that often turn and change their 
direction. 

Osborn applied his law mainly to the mammalsp but it is equally 
true of other grouj^s such as the reptdes, especially during the 


adaptive radiation 



Tht adaptalloist appealing uodcr eurh cl {hta radii will be discuiicd. in detail ia 
and fubiei^ucnl chEpLcn* 

Mesozoic, befo» the marnmals came to their own. The central 
or focal type is conceived as a ahort-limbed, ambulatory form, 
with 6ve clawed digita upon the approxiniatcly eqimllj'' developed 
feet. It was small and generalized in its feeding habits, insectiv- 
OTOiw (that ia, devouring insects, worms or such creatures) or om¬ 
nivorous and therefore with siniiple short-crowned teeth. 

The impelling causes of adaptive radiation are the need of food 
and the need of safety, and while the minor roads along which 
evolution is possible are many and devious, they all lead in four 
general directions: over the earth’s surface where speed would be¬ 
come the great desideratum (cursorial), beneath the surface to the 
subterranean realm (fossorial), above the surface into the trees 
(scansorial), or finally into the air (volant) and into the water to 
become denizens, wholly or in part, of the aquatic realm. Sub¬ 
terranean life results in d^cnerativc specialization, so that a re¬ 
turn of fo:aoriaI creatures to the terrestrial habitat is rare, while 
the aquatic realm modifies its inhabitants so profoundly that there 
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13 no known of a return on the part of a Iving-breathing form 
which has been adapted to ac^iiatie life. These tw'o roads to the 
waters and the subtermnean fastnesses— are one-way trails along 


which many go but none return. 

Primary and Secondary Acquired Adaptations .^Adaptations 
are direct or primary if they lie in the original dirtetion of 
adaptation, outward along any of the four radii (see page 247) p as 



from terrestrial through 
seansorial to volant; or 
they may be reversed or 
second ary, when the re- 
turn direction is indi¬ 
cated. While from the 
nature of its flying 
mechanism, which in¬ 
volves the hind limbs, it 
is, as we shall see in Chai> 
ter XXII, impossible to 
conceive of a second¬ 
arily flightless mammal 
such as the bat^ nor are 
any such recorded; 
nevertheless there are 
many instances of flight^ 
less birds^ which have 
reverted to their original 
environment. Theyw'ere 
probably ground or sea 
birdsj however, before 
flight was lost. There is 
thus a reversal of the di¬ 
rection of evolution, but 
thi 3 does not actually 
contradict the law of 


Fjg. 39.—Hind feet cf marsupials. A, opoa- 

_ i\fnrmoiia pmitla, witb ^rasping biiilux, 

orbanriLL; B, Jfamptut dur&aiu, w-ith- 

out ha3Iu3£, digita II and HI syndcwMyl, irurso- 
rial; C, tree kjirisarM, Dendrolagtis 
without haJlus, arboreal (aecondanly). (After 
Bensicy.) 


irreversibility of evolutiooj which say? that an organ once lost can 
never be regained and that a specially form can never again be¬ 
come generalissed, A further example will make this clear. The mar¬ 
supials are cither all arboreal to-day or give evidwicc in their anaf^ 
omy of arboreal descent. One striking arboreal feat ure is a grasping 
great toe or hallux on the hind feet (see Fig. 30^A)« This^ being off- 
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set, opposes usually the fourth digits thus forjuiQg sji adinirabla 
prohcusiie oiigim whose grasp of a branch it is difficult to loosen. 
The terrcstiifll kangaroos, on the other hand, have become adapted 
in a wonderful way for speed over the earth’s surface, and among 
other things have entirely lost this grasping hallux (see Fig. 39,B), 
as reduction of the lateral digits, much or little, invariably accom¬ 
panies evolution for speed. There is, how'ever, a tree kangaroo, 
Dendrolagus, which is much at home in its arboreal retreat; 
having no grasping great toes, it has to rely upon its claws and 
broadeneti soles for security (see Fig. 39,C) and they are weU 
suited to the task, although the hallux would undoubtedly be 
better. Dendrdagini, while arboreal, shows in the loss of this useful 
member a terrestrial ancestry-, and back of that, in common with 
all maraapiala, an arboreal one. Hence for it the course of adapta¬ 
tion has been reversed, but the reversal is one of fimction and not 
one of structure, for however useful the grasping hallux might be 
in the present environment, its loss during the tenestrial career of 
the ancestor is irrevocable. While the atropliied oigan therefore 
IB lost forever, its old-time function may be secondarily acquired 
by other organs should the need arise. 

Other instances would be those of marine reptiles like the ich- 
thyosaura, or whales among manimaJs, both of which were derived 
indirect^ fr^ a ^ ancestry, but which during the subsequent 
te^t^ life of their later progeiutore lost the water-respiring 
gdls Perhaps the greatest menace to the safety of the modem 
whale IB the neoesBity of rising to the surface to breathe, but the 
13 imvocablc and no organ apparently has 
been able to take its place (see Chapter XX). Primarily these 
forms tt-ere terr^rial animals, secondarily they have in many 
m^eilous ways been a^pt^ to tJie new environment, but owing 
^the law of irraveraibdity their adaptation apparently may nev J 
be ^rfected. Rodents are normally gnawing, herbivorous, terras 
tnal animals, wrtam ones being aquatic and fiahs?ating, the musk¬ 
rat devouring both fish and fresh-water clams. * ^ 

^ on . Inond scnle and in- 
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very distiBct types of rhinoceros—the squsre^niouth or white and 
the pointed-lip or blat’k rhino (see Fig, 40), With the sijuure Up 
go long'crowned or hypsodont (Gr. on high, and filouj, tooth) 
teeth, while the pointed lip is correlated with short-crowned or 
brachyodont (Gr. ^paxifSj short) grinders. The differentiation 
is one therefore of feeding habits, the first largely gra^ng, the 
second brow'sing, and the local distiibutian of the two types is in 
hamiony with this distinction in tliftt the square-mouth rhino m- 
habits the open country, especially the broad groSHv valleys be¬ 
tween tlie tracts of brush south of the Zambesi River, while the 
pointed-lip species, on the other band, is found in the wooded and 
watered districts from Abyssinia to Cape Colony. Geographically 



Fia. JO.^Africttn rhu]ooerci9e& A, square-moulb or while Thinoceme, 
no«T«s finib?; B, pciLptecl-aiouth or bljM-'k rtimoeeros, R, bifoniis. {t'fona Brit- 
Hh Miiocum Guide to Great Garae Auiinjiis.) 

therefore the range of the black rhinoceros includes that of the 
white, but is more extensive, as the species is far more common; 
locally the two habitats are distinct and have given rise to feeding 
and consequently structural differentiation. Similar instances are 
repeatetUy met with, especially among prehistoric forms such as 
the horses. Differences, alight at firet, will in the course of time bo 
accentuated so that the ultimate d^cendants are very unlike each 
other. A sptecific instance, comparable to the African rhinooeros, 
is that of the Ajiierican Miocene horses Hypohijfpm and Afery* 
cAippus. The first had short-crowned, uncemented, browsing 
teeth and well developed lateral hoofs, fonning a foot fitted for 
yielding ground like that of the forested areas. The second had 
complex, long-crowned, grazing teeth adapted to grasses, and 
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foct fitted for the hard prairie soil. The distinction between theee 
two races may well have had its inception during late Oligocene 
time when tlifTerentiatioa of habitat was already established, but 
we cannot with our present evideDee dearly separate the phyla 
untU Lower Miocene at least (see Chapter XXXVI). Local adap¬ 
tive branching therefore gives rise to different phyla of the same 
group of animals in a relatively email area. 

Continental Adaptive Sadlatfon, on the other band, is on a 
broad scale and, as has been said, embraces the entire fauna of a 
given class {i, e., Mammalia), Such radiations have appeared more 
than once, sometimes as repetitions of evolution within the same 
area, or again the radiations may be oontemporanfious, but within 
the limits of dblinct isolated continental masses. 

Contemporaneous Sadlationa.—'As we learned in the chapter 
on geographical distribution, the w’orld's surface may be divided 
into three coequal but not coextensive realms: Arctogaa, Neogsea, 
and Notogffia, of which the first inctudes all of the northern hemi¬ 
sphere, and Africa; the second, South America; and the third, 
Australia, These three great realms have been the centers respec¬ 
tively of three remarkable adaptive radiations of inammnls during 
Tertiary time, when all three were isolated each from the other in 
such a way as to prohibit absolutely for a bag period all faunal 
interchange. This isolation is true of Australia to this day. Hence 
whiJe the South American, mammals have practically ceased to 
exist (see Chapter XXXVlII), Austraba's fauna, except for cer¬ 
tain overseas migrants introduced largely through human inter¬ 
vention, remains practically as it has been, composed of mammals 
of Alcsnxoic rather than of Tertiary type. Rot ween Australia and 
Arctogjea there are some very remarknhle parBllelianis, for, upon 
a more limited scale, nature lias nevertheless repeated herself, 
though not exactly, in the lesser continent, A comparison of the 
two radiations may be made. 

In Arctog^ the central or focal type is represented in a general 
way by the Ifatnyan Lnsectivore, Gpmmira (Fig. 41). This crea¬ 
ture belongs to the hedgehog family, Erinaceidae, but the more 
familiar Etiropcan hedgehog, Erinaccus, is somewhat too special¬ 
ised in its quill-like haim and bLirrowing habits and consequent 
modification to serve os the focal type. 

Along the cursorial radius we have in the dogs, especially the 
swift fox and the coyote, creatures of amassing speed although 
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dieitigradc, that is, running upon the toes, Unguligrade or hoofed 
runnera are best represented by the doerp the jifrican and Mon 
golian antelope, but especially by the horee-likc animal, the gho> 
khar {Equm onager), which inhabits the Persian desert, an animal 
so swift that adults in good condition can neither bo ridden 
down, unless by relays of horsemen, nor taken with greyhounds 
(Lydckker). 

Arboreal forms are represented by tbe squirrels, some of which 
the flying squirrels—hav^e learned to launch themscHes into t e 



Fic, 41,—^Thc moat primitive living reprwstntativc of the Ina&etivora, 
<7^nExra. (jVIlcr Harsfield and VigoiBr) 


aiT and take long posiiing Ic^ps. supported by folds of skin between 
the limbs and the aides of the body, and hence have become semi- 
aerial. Truly volant or aerial forms are represented among mam¬ 
mals by the bats, which, however, belong to a different order than 
the flying squirrels, as they are directly out of the insectivorous 
stock, although no annectant forms are now alive. One remarkable 
insect ivore, Gafeopil/icctis, which will be described more in detail 
later, is a wonderful glider, and while not in the line of bat descent 
shows us quite clearly how such an adaptation could have arisen. 

Aquaticnarnphibious fonns are represented by the PofoH!o9a& 
among inaectiTOres, the muskrats and beaver among rodents, and 
the ottere, but especially the seals, among camivon^; while the 
truly aquatic types are such as the porpoises and whales, which 
are apparently modified ancient carnivores, and the sea-cows 
(manatee^ and dugong)^ which were derived from t e ungula 

stock. 
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Subtcrmnefln forms are the Insectivorous shrews and moles 
and the rodent woodchucks, gojihets, and mole-rats {Bathyergiis), 
Of these the true moles and the golden moles (Chrysochloridffi) 
of the Cape of Good Hope, two entirely independent evolutions of 
moie-like forms, are the most extreme. 

Notogxa.—The Australian niamtuals, as we ha\e learned, are 
prsctjcally all marsiipials or pO'Uch-bearing mammals, whose wung 
are brought forth at an extremely early stage of development, 
transferred to the poueh^overed nipples, and there noitrished as 
" larva?" until mature enough to stand the vicissitudes of ordinary 



■ta.—OpoHi^, IK'letphit marttipialvt, one of the moat oriniitii 
Iivme maraupiati {.After Lydckktr.} 


animal childhood, when they are virtually refaom. There is no 
placenta, ejfcept for one or two rare vestiges (Pba^oitirctoa, Pmi- 
me es) and the young, being inadequately aotirfehcd ctimpared 
witli plac^tal tnanimals, cannot stand competition with the latter 
even in their adult condition. Such was the stock with which 
Australia was inoculated, in the Mesoxoic age and out of that 
s^k, due to the immense period of isolation which has elapsed 
^ere has arisen an adaptive nidiatioii paralleling that of .irotocaj^ 
m tmny nem^k^ble ways. 

Perhaps the creature nearest the focal form among maraupials 
15 (Fig. 42). The opossum h now an American form 

and therefore in its existing condition cannot represent the actual 
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anceatDf^ but it gives a good impre^ion of what the Aui?tfaliaJi 
etem form was like. Oposatinis are^ however, extreniely old, per¬ 
sistently primitive forms^ of which near relatives are found in Cre¬ 
taceous rocks. They have aunived contemporaneously with their 
diversified descendants. The opossum is arboreal, but it ia quite 
probable that the marsupials had ah pas^d through a tree-uihabit- 
ing stage before their great radiation began. 

Cursorial adaptation in the marsupials is well shoivn in the 
Taamanian wolf, Thyhet/nu^j which is very dog-like in contour, 
development of limbs, and digital reduction, Jt is perhaps a little 
less extreme m its cimoiial adaptation than the jackal (Cdnin? 
awriruv^) for instance, as the dhstal segments of the limbs, whose 
relative lengthening is genenUly a speed reqmiement^ are stiU 
proportionally short. Tkylacyttu^ clearly occupies the station of the 
w^olves and dogs of Arctog^p a fact which has ca^i$ed its extinction 
when brought into competition with true canid$ (i- Canis dinffQf 
see page 124), The herbivoroujj bandicoots and kangaroos are 
highly speedy and represent the ungulates of Arctogsa, the bandi¬ 
coots (Chm'opus) being quadrupeds w^hoi^e hind foot haa but a single 
dominant digit, although other vestigial ones are present. The 
kangaroosj on the other hand, are bipedal when running, with 
feet which are remarkably effective. 

Arboreal marsupials are gtUl numerous, the so-calted sugar 
squirrels or phalangers being very similar to our squirrels in ap¬ 
pearance, while the Arctognxm fl 3 dng squirrels are represented 
with great fidelity by the Notogaan fijing phaianger 
^cli 4 mr^). A further extreme of arboreal adaptation is show^a in 
the koala {Pha^scdfirdas cinereus), slow-moYing, tailless^ with splen¬ 
didly adapted hands and feet, the former having two fingers offset 
against the other three, and the latter the hallux against the other 
four, especially the fourth and fifth. In many ways the koala 
fx^sembles the lemurs or half-apes of Arctogsea, especially such 
forms as the loris, 

No truly volant forms comparable to the bats exist in the Aus¬ 
tralian marsupial fauna, although placental bats are present^ no-r 
is there record of their having existed there during geologic time. 

Aquatic tj'pes among marsupials arc restricted to amphibious 
forms, trul}-^ aquatic tj-pcs comparable to the Cetac^ being un- 
knowTfc and Improbable. for such would lack the isolation and 
security from competition so necessary to marsupial evolution. 
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Strangely enough^ ho'^vaverj there is po recorded instance of eTen 
an ainphibious marsupial in the existing Australian fauna, at* 
though South America possesses one, the water opa»sum (Chironeo- 
ks)i whose hind feet are webbed and whose general appearance 
lemLnda one of the mnakrat^, though of course, unlike the tatter, 
it is exclusively carnivorous in ita diet. It b highly improbable, 
however, that Australia has never possessed an amphibious mar¬ 
supial 

Kotogsea is not without its amphibious type, for the duck-bill 
or duck-mole (OrnithDThynckua) is a remarkable combmation of 
burrowing and sw'inirmiLg animab the projecting swimming mem¬ 
brane of the fore foot being folded back against the palm, exposing 
the pow'crfu] claws, when the creature wishes to dig. In its life 
habits the duck-bill is not unlike the muskrat, but the food dilfere, 
as it feeds upon various small water-animals, such as cmataoeans, 
insects and their larvae, $nails and worms, which are dug out of the 
eoft mud by the tender muzzle. Ech^naf an ally of Ornith&rkyn- 
chuSj while having a pouch for the protection of the new ly hatched 
young, is not a member of the order Marsupialia but of the yet 
more primitive Monotremata—the egg-laying mammals-^which 
while strictly Notogaean in their existing distribution, are neverthe¬ 
less no-t of the prceent Ausfcralbiii adaptive radiation, a$ that im¬ 
plies a common, e., marsupial, ancestry, but are aur^lvors of an 
earlier evolution. 

Fosaorial Notogaean animals are admirably represented by the 
marsupial “mole," Noicrycks lyphlc^ps, a recently diaeovered type, 
which bears a remarkably close resemblance in its molar teeth, 
external form, and mode of life to the South African golden moles 
(Chry^ehloridffi) of w hlch we have spoken. But they cannot be 
related, for Chrysochtoris ki a placental insectivore and Notorycies 
a marsupial. They therefore reprewnt one of the most interesting 
cases of convergent evolution of which we have knowledge. 

Thus it will be seen that the Australian adaptive ludiation prac¬ 
tically coincides with that of ArctogBEa, almo^ every animal in 
the former asasemblage having some approximate equivalent in the 
latter. The reverse, on the other hand, does not hold true, for the 
Arctogffian realm is relatively so vast and its range of habitat con¬ 
ditions so much greater, tbat its fauna is proportionately more 
extensi\"e and varied. 

The ancient fauna of Notog^ has but a dubious future, for the 
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artificial introduction of several placeutal mammals has already 
made serious inroads into the integrity of the marsupial ranks, the 
dingo ha^'ing driven the Tasmanian wolf from the Australian 
land while the rabbits and sheep, through their destruction of the 
food supply, have reduced the maisupial herbivorous population 
by cutting off their means of subeiatemse. To this must added 
the destruction of inarsupiiils by manJand^ for the Mdea^ both for 
fura and leather, are commercially kno^\Ti aa opossum and kanga^ 
respectively. It is quite probable that, with few aveeptions, this 
ancient radiation is doomed to speedy extinction. 

Successive Radiations in Time.—There have been throe suc¬ 
cessive radiations among mammals of which the firet, however, 
that during the Mesozoic, was comparatively unimportant because 
of the terrestrial dominance of the dinosaurs and other 
During this radiation the known mammals were all small, althou^ 
differentiated into three or four phyla from the standpomt of their 
dentition and impUed feeding habits. Thus some were u^tiv- 
oroii3p some perhaps more distiaotly efiraivofouaj and som-e er tv~ 
orous, possibly fruit- or nut-eating (seed^ating?). 

It was not until the great reptilian extinctions at the close of 
the Cretajceoua that the mammals really had their opportunity, at 
least in the known fossU-bearing rogiona; and with the vacating of 
the terrestrial realm by the huge cold-blooded brutes, the higher 
creation began its deployment in the known areas. Paleontologists 
soon find records of carnivorous forms (creodonts) of iiarious 
sorts, swift cursorial ungulates (condylarths), and slow-mov-mg, 
grotesquely araicd types (amblypods). There were ^ 
forms (taeniodonts) and probably ancestral marsupials, 0 o 
these so-called archaic manmmls, but few survived the Eoceue; 
some were sooner or later rendered extinct through competition 
with invaders of the third or Tertiary radiation, others may have 
evolved into certain of the higher types, yet others, driven sout war 
into Ncogroa and Notogsea, may have formed the stock of part at 
least of their subsequent faunas when isolation closed the door upon 
later invaders. These archaic mammals, their ^uptatiOM and 
their defects will be discussed more at length in Chapter . 

The Tertiary radiation was the great Arctog^ radiarion o 
modemiaed mammals, so caUed because their des^n^ta stiff 
exist; at all events no higher group has appeared, and the rtory of 
mammalian evolution in this w'orld, owing to t e presen omi 
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iiance of man, is virtually over. Whence the progemtom of the 
modernized mammals came we have no positive knowledge but 
circumstantia] evidence points to boreal Holarctica-the circiun- 
Mar lands of the northern hemisphere—as their pristine homo 
For m the Cretaceous and early F^jcene indications point to a 
wann climate and abundant forestation m the north, ideal condi¬ 
tions for thp well-being of the nodal type and ita immediate deriva¬ 
tives. Inerting cold io the northland drove forests and their 
JiuM south down the three great continental axes (see map. Fig 
2o4) so that we find creatures of much the same sort, such as the 
anc^tml horses, appearing synchronously in the Old World and in 
the New. ^rly in the Eocene their dcplojmient was wcU under 

S;; , appmaching racial 

death and others wondrously varied, while during the Miocene 
the culmination was reached and never before nor sin.; w^Tre 
so great a mammalian florescence. By the Phocene they had begun 
to wane The m^als of to-day, including man himself, are^e 
remnant of this Tertiary radiation. ' ® 

Ka^tion.-The mammals are. with few exceptions 
(Cetacea, anteaters. etc.), characterised by a heterodont (Lpot, 

and 

tooth) dentition^ 
that iSj the tjeeth, in 
contrast to those of 
iTsost reptiles^ for iu- 
^tanoe, ano dilTereii- 
tiated into Boversl 
GOrta with, as a ndep 
vejy diatinct funtv 
^ ^Upper fuid lower twth of the wdf, Those m the 

t^th, of the month, 

ishfidcd fonirth upper premdar and (list lower the ihein^Yi-a 

or for dc,™« .he 

mg or, hke the molars gnnding teeth. The last mentioned molars 
and premol^ show the greatest struetural modification to meet 
their ownersreqmrements. the incisoreand canines bcinjj mo™^.^ 






ADAPTIVE RADIATION 


259 


The tn^cAW<nts (ype, those of the st^ra form, are low-cmivned^ 
simple, with few cusps, generally sbarpHpointed and suitable for 
cnishing feeble prey. With the carnivores^ the cheek teeth become 
high-crowned, trenchant, shearing structures, and the jawa have 
little or no lateral play. This reaches its highest speoialrntjoii in 
the cats (see Chapter XXXIH), wherein the true grinding teeth 
are almost entirely wanting. In the dop, ’with a less exclusive 
diet, more of the grinders are retained^ although the shearing teeth 
are weH developed, while in the bears, candvorea with a atrong 
tendency toward an herbivorous diet (omnivorous), the cheek 
teeth are broad-erowned, tuberculate grinding organs^ and sharing 
teeth are vvanting. Camoa-feediiig forms have^ as a rule, bluntor 
teeth, while in dsh-eating creatures like the seals the teeth have 
become secondarily simplified and are all prehensile. The toothed 
whales (Odonfoceti) have lost their tooth differentiation and the 
teeth are practically all alike-—simple, slightly recurved^ grasping 
cones. The teeth are sometimes absent in the upper jaw fspemi 
whale, Phy&eUr^ in which, while germs of upper teeth are present, 
they are apparently fiinctionle!?^)^ and in the whalebone w^hales 
(Myiitaceti) they are entirely absent^ except for functionJess vea- 
tiges in the unborn young, and their place is taken by the curious 
baleen or w^halcbone which hangs^ from the palate and by means 
of Avhich small moUiuics and crustaceans are strained out of the 
water to serve for food (see Chapter XXIXIV), 

Herini?or(m& forms have the incisora fitted for reusing and cutting 
the vegetation. In the niminantS;, however, they are absent in the 
upper jaw^ the lower metsors biting against a homy pad^ Canine 
teeth are of little importance to the herbivore unless they are used 
for defense (musk d^r}^ or as in the s^Hne for uprooting the vegeta¬ 
tion upon which they feed. The grinders vary amazingly in the 
pattern of the cusps and crests borne upon the crown but in general 
may be divided into short-cro^vned, braehyodont teeth fitted for 
succulent leaves and tivigs; or long-crowed, hypsodont teeth 
’ivhose great length and complex structure are adapted to m^t the 
wear imposed by the harsh grasses and other vegctatioii ’ivhich 
form the staple of a grasping animal. Perhaps the greatest degree 
of perfection has been reached by the modem horse see 

Fig. 2|fi) along one line of descent and the elephant^ more especially 
the extinct woolly mammoth {Mmtfnanleus primigenii^j eompore 
Fig. 215) along another. 
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As Tvc have seen, a eamivore like the bear may become adapted 
to an all-rouod diet and hence be omnivorouif but the term ia best 
applied to a direct line of evolution from the insectivorous stock, 
such as the primates, and especially mankind. Here the incisors 
and canines show little distinction and the eheek teeth, are very 
simple and primitive, with bicuspid premolars and molars with few 
(four or five) low cusps. 

The Tnyrmecophagous type represents the height of specialisation, 
for in its extreme development the teeth have utterly disappeared, 
the jaws are reduced, the mouth is incapable of opening except at 
the extreme anterior end and has become tubular, with a highly 
extensile and prehensile tongue. This organ is provided with an 
adhesive substance and when thrust into an ant-hill and withdrawn 
brings away great numbers of the unfortunate insects, which are 
swallowed without mastication. As a special adaptation to such 
rather insurgent prey, the interior nostrils are carried far backward 
so as to be in direct communication with the windpipe to prevent 
any of the creatures from wandering the wrong way. An analogous 
adaptation ia seen in the marsupials to avoid suffocation w hen the 
milk is forced info the mouth of the feeble young by the niollier^s 
m^cies, and in the whales and again in the crocodiles, both of 
which devour their prey under the water and would run the risk 
of strangulation were it not for this device. 

Summary.—We have thus emphasized the wonderful plasticity 
of living beings, which, in their efforts to find food and safety, be¬ 
come adapted in the course of time to all possible conditions of 
life—earth, air, water, the most salubrious as well as the moat for¬ 
bidding wastes; and have shown that these adaptations are chiefly 
concerned with those parts roost closely in contact with the en¬ 
vironment—the feet for safety and the teeth for food. The soft 
parts arc generally more conservative and while feet and teeth 
undergo their marvellous changes, internal organs, except such as 
are again directly concerned with diet or locomotion, may remain 
comparatively unaltered. We find that nature does repeat herself 
but never e.^t]y, nevertheless some remarkable convergence of 
unrelated ammals are recorded. The final truth is that a highly 
^apted or specialized form becomes, as it were, stcreotvped and 
incapable of radical change, and with altering conditions may 
succumb where a Jess specialized and therefore more plastic race, 
meeting the changed nequirements. aurviire^. 
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CHAPTER XIX 


CURSORIAL AND FOSSORIAL ADAPTATION 


CtnaoHiAij Adaptation' 


We have already discussed various means whereby creatures 

compete w ith each other for the two priine requisites of cxiaieuee_ 

food arid safety * These took the form of coloration^ of miuiicryji 
of stealth, of par^tisra, or of bodily prowess. Now we would 
speak of forms which hvc ia the open, of the pursuer and the pur- 
suedf for while such creatures do not perhaps constitute a very 
larfje proportion of the animal kingdom, as do the parasites for 
i^tance, they are nevertheless of great importance, and the cvolu- 
laon of remotely related types lias given rise to some remarkable 
instances of convergent evolution. 

Speed adaptation has Ijecn developed in a very wonderful way 
in terreatria] (curaoriai) types, in aquatic, and finally in aerial 
forma. Of these we will first discuss the terreatrial. 

Vertebrates Showing Speed Adaptation .-The following is a 
list of vertebrates which show this adaptation for speed: 


Class Reptilta. Hkptjles 
Order Sqimmata. Uzards and snakes. 

Es^i^y Mrtam of the ARamidaf*. the frilled 

fo^ -'^“slfaha- ^ittncroua others, esfieciajjy deseit-mhobitiag 

Dinnsaura («e Chapters XXX atid XXX I>. 

Older Saurisfhia. Camivorous and amphibioua dinosam^ 

dintmurs, especially the smaller, more 

age ^r.^; HaUopm, 

Orniikmimw and OnUhoietUt. 

Order Ornitliischia. Herbivoroua beaked dinosaurs. 

Aanosaurtw and the Camptosauridte. 


Class Aves. Birds 

DitTsioii Ratitee. Flightlesa cursorial birds 

Esi^ially ™us, ^w^'es, ostriches, knd rheas, and prebably the 
extinct Dmonuthos, the moa* ef New Keaknd. 
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Diviaion Caritmtic. binla. 

Of these few are adapted for ^peed except perhaps the raii^, one of 
which (Aplortm) k 

Certain of thp Lhnicolsf, pk>vei^ ci>'^ter-eatclierap etc., are also sjJeedy 
for short distances. 

ClA£S hlAMMALlA. MaMMaLS 

Oitler Maraupialia. 

Dasyuridai, espeeially Thylmuntis^ tlie dog-like Tasornman wolf/* 

PeraEueLidm^ the baodiooota. 

Maeropociidiej the kangaroos. 

Order Kodentia. 

loporitlff. Hares and rabbits. 

Caviidfe. Caviea. 

Djpodiihe. Jcrboaa- 

Order C'amivara. 

Canidsc. Dogs. 

Felidffl. Cata. Eapeeially Acinonyr^ the cheetah or hunting leopard. 
Cohort Ungulata. 

Order Penfi?wdactyla. 

HyraoQdontida&. Kxtinet cnrsoiml rhinoceroses. 

Eqnida?. Horses, Jiving and extinct (see Chapter XXXVI). 

Order ArticKiaetyla. 

ProtoceratidiD. Extinct. 

AntiltHCaprithe. American prong-horn antelope, Anfifocopra. 

Cer^idie. Deer. 

Bovidse. Especially the Afncan antelopes. 

Giraifidae. Giraffe and okapL 

Tylopoda. Camels (see Chapter XXX^^II)+ 

Order Litoptema. South Amenean ungulatea (see Chapter XXXVIII). 

Especially the Profcerotheriida^, the extinct “pseudD-horsea.^* 

Body Contour.—AU speedy am'mnla, whether terrestrial, aquaticj 
or aerial, ha^^e the body moulded externally in ssueh a w^ay as 
to offer the least resistance to the medium through which they 
pass. Owing to the greater resistance of water, this is espedally 
true of the aquatic, nevert heless a speedy cursorial t3fpe also shows 
U> though not alw^ay^ as weU when at rest as it does when in action^ 
A race-horse with head and neck extended, ears thrown back, and 
every tense muscle of its wonderful body working with machine¬ 
like precision, showa the beautiful contour of a perfectly adapted 
mechanism. The body spindle-shape, of Btream-line contour, the 
lines extended into the neck and head without a break in their 
even curves—all are calculated for swift passage through the air 
with a minimum of resistance. 
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Meckanism 

Loss of Genera] Utility.—The propelling organs in cursorial 
forms are the limbs exclusivdy, so that, aside from the resistance- 
lessening contour, this adaptation conceriia itself chiefly with their 
m^fication, of which the first is the loss of general utihty. This 
is especially true of the hind limbs, because they are the more 
efficient drivers and therefore, especially in forms whose adapta¬ 
tion has not gone veiy^ far, are likely to be somewhat in advance 
of the fore limbs in the degree of their evolution. For this several 
reasons may be assigned: (1) The extended hands pull the body 
forward in running; (2) the fore part of the body is usually heavier 
than the bind part and requires larger limbs to support and propel 
it; (3) ninning is a sort of leaping on all fours, and the hands are 
larger and wider to take the impact when tlie animal falb forward; 
finally (4) the fore limbs, being nearer the mouth and hence per¬ 
haps somewhat concerned in food-getting, are the last to lose their 
general utility. Two notable instances of this accelerated evolu¬ 
tion of the hind limbs over the fore are the early four-toed horses 
of the Eocene (Hyracothereg, sec Chapter XXXVI) in which, 
while the hand still retains its four digits, the foot has but three. 
It b not until Oligocene time that the additional finger is lost and 
the evolution of both limbs becomes parallel. In another Oligocene 
form, PTotoceras, a curious artiodactyl with remarkable excres¬ 
cences upon the skull and dagger-like canine teeth, the hand is 
four-toed while the foot has but two. 

Ch^e in Foot Posture.—The primitive terrestrial foot b 
plantigrade (Lat. plania, sole, and gradi, to walk), which means 
that the entire palm or sole rests on the ground, neither wrist nor 
ankle being raised. Almost the first step in speed adaptation is 
the lengthening of the limb and this may be accomplished without 
the actual elongation of a bone, merely by rising upon the toes, 
Wliik the bear, raccoon, and the primates such as the baboons and 
man are plantigrade, probably secondarily so, a large proportion 
of modernized mammals have become digitlgrade {I>at. digitusf 
finger, toe), walking or running upon the digits themselves, with 
the bones of the wrist (carpal) and ankle (tarsal), the upper ends 
of the palm (metacarpal) and the sole bones (metataiml) clear of 
the ground. Some of the speediest of animab—dinosaurs, birds, 
dogs, all mammals in fact but the ungulates—have merely pe> 


CURSORIAL AND FOSSORIAL ADAPTATION 265 


fected the digitier^de gait, de^ 
reloping special sole-pads for 
the absorption of the shock of 
impact^ and have never gone be^ 
yond it* The ungulates or hoofed 
animals^ on the other handp walk 
on the modiBed nail or hoof (un- 
guligrade, Lat. hoof)i 

the distal toe-bones (unguala) 
being depressed or fattened and 
not, with rare exceptions, com¬ 
pressed or claw-like. The hoof 
has reached the highest degree 
of perfection in the horses; in 
other related but non-eursorial 
types like the rhinoceros the 
hoofs bear little of the weighty 
as a broad euahion''like pad 
serves instead ( see Fig. 45). 

Ungulate aniD:LalB show all 
gradations from the seml-^planti* 
grade condition of the slower 
forma to the high, stilted hoofs 
of certain of the *\f rican antelope, 
notably the kUpsprmger (Oreo* 
troffu^ satUitor}^ A truly unguJi- 
grade condition has never been 
attained among reptilea, al¬ 
though certain beaked dinosaurs 
had depressed instead of claw¬ 
like unguals. Trkeraiops and 
Stegosaurus were certainly far 
from speedy; hadrosaur?, on the 
other hand, which also bore this 
type of ungual, were bipedal and 
doubtless possessed a fair meas¬ 



Fio, 44,—Foot poffturea. A ptemti- 
bear; digstigrade, byinaa; Cp 
unguligreidep ptg. (After Pander and 
!>’Alton.) 


ure of speed when well under 
way^ though little celerity of movement is indicated. 

Certain ungulates like the modern camels have become second¬ 
arily digjtigrade, the foot having retrogrcEsed ao an adaptation to 
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Ftrs, 45r Ubin&Mi- 
rofl fool, Bectioni^ to 
^mui' th? Bupporliun 
pad. (.Alter cibom,) 


the yieldiriR desert :^ds (see page 608). This is not accompanledi 
however* by any material loss of speed* as the camels are among 
the niost remarkable traveler$ of all terrestrial forms* 

Loss of Digits.^—Plantigrade animals are generally five-toed; 
there are of eourse exoeptionSj but the elevation of the heel or 
wrijit generally carries with it digital reduction^ digitigrade animals 
becoming four-toed* unguligrade four-, three-* two* or even one¬ 
toed (see page 685)* two toes In the arti- 
odactyls and one in the pcrissodactylfl being 
the irredncible inmijnum* 

The frilled lizard of Australia* Chlamydo- 
murmf m five^toed but the lateral toea are 
shorter than the median ones, which is almost 
universally true except in aquatic tiTJcs such 
as the seal and otter. Hence when Chlnmydo- 
&aurtt^ runs on its hind feet, as it. does when 
startled, the outer and inner toes are raised 
off the ground and the animaj luakes a three-toed track. If this 
Tvere the habitual gait of the creature* the lateral iMgits w-ould 
be rendered practically useless and would foliovr the course of all 
useless organs and become reduced ^ whatever the philosophical 
explanation of the mean whereby this h accomplished* 

Environment as w^ell as speed adaptation has its mfluence in 
determining digital reduction, for it will be accelerated if the ground 
is hard^ as in the prairie-evolved horse with but one remaining digit, 
or the prong-hom antelope of similar environment with two. On 
the other hand, the Miocene forest horsCp Hypohippit^, retained 
the lateral tocs ag functional organs Just as the reindeer and cari¬ 
bou (Rangifer) have to-day, aa an adaptation to a yielding footing* 
while contemporary relatives had in each instanee evolved much 
farther along the line of digital reduction. 

Concurrent with the loss of digits, especially if the foot be 
lengthening after the manner to be described below, comes a com- 
paciing of the bones of the palm and sole (metapodials) and often 
this is carried bo far as to give rise to actual fusion of these elements 
into a “cannon-bone.^^ The dinosaurs, with one doubtful excep¬ 
tion, never attained an actual fusion* although in many respects, 
especially in Omi^hotnunna of the Cretaceous, the foot is very 
biid-like. The birds, on the other hand, always show- a fusion of 
the metatarsalB. Among mammala the caitiivores do not form 
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a cannoTi“bope aor does the niarsupial wolf; but all of the speed- 
sdaptcxl ungulates do. Ancient ungulates^ however^ had the meta* 
tareab separatej and we can often witness the 
fusion in fo^il series (camelsj etc.) w^ben the proper 
degree of speed adaptation haa been reached. 

Among rodents, the jerboa (see Fig, 48)* a three- 
toed bipedal form* has a foot and metatarsus m 
wonderfully bird'-Uke that one abnoat has to count 
the phalanges of the digits to be sure he has a 
mammal before him. 

Keduction of Fibula and —The fore aitn 
and shin, that is* the second segment from the 
body* have each typically two bones: in the amih 
the radius and ulna* and in the leg, the tibia and 
fibula. These are both developed in slow-moving 
forms or w'here the fore limb still has ctinsiderable 
general utility* especially if the rotation of the 
band on the arm ia retained. On the other hand^ 
cursorial fom^s, especially if the limbs are exclu- fj ^ 

Bively locomotor* tend to reduce the ulna of the arm* 
the pro)dmal end only being present m extreme 
ca^es to form the elbow joint. They also Icee the 
fibula of the leg, which may be reduced to the 
merest vestige. 

Loss of Universal Movement,^—The entire mo¬ 
tion of the limbs becomes pendulum-like, that is^ 
restricted to movement in but one plane* the ex¬ 
ception being at the hip and shoulder* where uni¬ 
versal movement stiU retained through the 
development of a ball-and-aoeket articulation- The 
necesgity for this is appareatj first to avoid in¬ 
terference betw'een fore and hind feet when runningj 
since a dog^ for instance, at top speed brings his 
hind feet well in advance and outside of the fore. 

A second need is that of Ijdng dowm and rising 


Fifl, 46,-Hiiid 
liicb of horse, 
Eqiiua ^biilluEf 
to show puUey- 
like j q j n I« for 


again, which would be practically impossible W'ere reeirictioa of 
the movement at hip and shoulder restricted to ^ 

the fore-and-aft plane. With the other articular 
tions* those of ankle and wrist* knee and elbow* and between the 
digits* the tendency is toward rigid limitjttiou of movement in 
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Pia. 47.-™A+ thr 0 &>^toi^ horee^ Hipparian iNeohippmvm), flhgwing ciirflorial 
odAptiitiori for nin or ^llop^ B, maat^on^ M. ajnfricanu^^ eho^'tn^ f^nivipoftsJ 
(rHlignid«) julaptatiijfl for wdk or imbh. (AfUsr \\\ K. Gir^rj-J 
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UDguUgradep less so in digitifirade fomia. This is accomplished by 
the development of tongue und groove joints such as were dis- 
cu! 5 scd under kinetogencsb (see Chapter XI1). Thesfe are very 
perfectly shown in the hind limb of a modern honaep aa well as at 
the elbow joint (see Fig. 40)^ forming In each instance an articu¬ 
lation pennittiiLg movement through a wide arc in one plane of 
space and none whatever in any other. These joints^ while they 
may be broken, cannot be dislocated. 

Tlie limbs are compound levers^ for not only is there motion of 
the limb as a whole but also between its component parts. The 
lengths of each of the several segments bear definite relations to 
the speeds developed and also to the loads they have to earry^ 
Those forms wdiich* like the elephant^ are mighty of framCp have a 
type of Limb which is in marked contrast to that of a horse. To 
the former type has been appbed the term graviport al (t. e., weight- 
carrying) ^ to the latter cursorial^ although both are adapted to 
increase their owner’s traveling powers* In the gravipoital type 
such as the mastodon^ the foot is short anti the thigh and shin 
relatively long, whereas in. a cursorial form the foot elongates and 
the thigh is conscrv'ative (see Fig. 47). This may be showTi by a 
comparison of ratios between the middle metatarsal and the femuTp 
thus; 


L^agtlk of m€tatar3aJ III 

Ratio; —- 

iamur 


GraviportM 

Subcursonal 

Carso rial 

Uintatherium , 10 

Eohippns .50 

Eqliiib 

.78 

MaRtcidoa . 1 ( 

Tmgtilns -56 

AnlctopQ 

1 00 

Ktephaa , 13 

Mcschippns -57 i 

OduooiE&iia * 

1 00 


* VcrtiQia 


Lengthening of Limbs.—The lengthening of the limbs in cniso 
rial t>T>es is usually'* thus accomplished by a growth of the distal 
rnents only, the foot and sliin and hand and fore arm inoreasingj 
but rarely the thigh or upper arm. This increase is therefore l>oth 
actual and relative. This is w^ell shown in comparing the limb of 
a horse with that of a man (see PL lV)t for while the human thigh 
may actually esooed the length of that of the horse, the horse’s 
footp which is measured from the end of the hoof to the hock, the 
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equiiraleat of the hunian heel, may be two and a half times that of 
the man. 

This Iengtkeniii(f of the distal segmeDte^ which is for the pur- 
pose of Lnereasing the length of stridop would be of Httle avail were 
the muBcIcs not concentrated at the proxiiual end of the limb, their 
power being transmitted by long slender tendons to the low^er hg 
and foot. One effect of this may be beat understood by compar¬ 
ing the limb with a pendulum* The length of the pendulum de- 
iettnincs the scopte of swing;^ but the position of its center of 
gravity controls its speed or rate of beat. To accelerate the beatj 
therefore, the bob is moved upward^ to retatxi it^ it b moved down- 
wardj the arc of pendular motion remaining constant. This con- 
^ntration of the muscles at the proximal end of the limbs has the 
same effect as raising the pendulum bob* and by this device—long 
slender limb and high but powerful muscles—the maximum length 
of stride and speed of movement are obtained. While this may 
well be an important reason for the concentration of muscle, the 
parallel with the pendulum is not exact, for the opposing muscles 
not only ser^^c to initiate the swing but also to damp it. Perhaps 
the chief reason* therefore, ia that by raising the insertion points 
of the thigh-museles focussing around the knee^ the angles of m- 
sertion of many muscles are increased and this gives higher pix> 
pulsive components, the shaft of the femur; at the same 

time the muscles are shortened and made thicker^ which mcreascs 
their power and speed of contraction. It can readily be seen that 
a limit may be reached beyond which bone will not stand the strain 
to which it would be subjectedt although bone is a w^onderfuliy 
efficient matenal. Hence one would expect to find the greatest 
speetl developed on the part of creatures of small to modemte 
size —the antelope of Africa or horses like the wild ass of Persia 
{Eqiius onager) the speed of which has been mentioned {see page 
253) and which reaches a stature of but 11^ hanck. The Mon¬ 
golian wild ass or kiang (Eqnus kiang)^ according to Roy Chapman 
Andrews, who chased one for 29 miles in a motor car, averaged 
30 mUea an hour for the first 113 mUea and then w hen It began 
to slow downj still ran four more miles at a speed of 20 miles 
an hour. The modem race-horse is relatively small compared 
with some other breeds* and the limit of w'eight, size, and 
^peed consistent with safety seems to have been approximately 
reached 
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Ratios.—Leagth^ning of limbfi also implies^ at aay rate la a 
quadruped r the coaeurrent lengthening of neck and skuU in order 
that the animal may readily reach the ground for food and drink. 
Hence the viltIous parts of an animars frame bear definite mtios 
to one another and this may also extend to individual bone pro- 
ponionSj a definite "speed index" being recognizable. This makes 
it possible through the law of correlation to gain some insight into 
the habits of extinet and little-known forms through the study of 
comparatively fragmentary remains. 

BipedalU^i 

A two-footed mode of progression as an adapiation to speed 
has been repeatedly evolved among vertebrates, as follows: 

Reptiles: 

Lizards, several occasionally bipedal. 

Dinosaurs, tw'o evolutions,^ 

Birds: 

One evolution. 

Mammals: 

Marsupials, one evolution. 

Rodents, three evolutions.* 

In all, eight or more timea. 

The erect posture of man was probably not originally a speed 
adaptation, nevertheless speed haa alwaj^ been a vital factor in 
human evolution, in all offensive and defensive operations. The 
human foot^ which waa originally a climbing structure^ has been 
readapted for bipedal w^alking and running. The long thigh and 
shin of modernized man increase the stride materially in con¬ 
trast to those of the gorilla and chimpanzee. The Neanderthal man 
(see Chapter XL) had short atocky Umbs as compared with the 
existing species, but doubtless could outrun any of the anthropoid 
apes. 

Reduction of Fore Limbs—In bipedal creatures the hind limbs 
form the exclusive means of tapid propulsiod, hence all of the cu> 
Soria] adaptations which have been ment ioned apply solely to them. 
The fore limbs, on the other hand, retain their generalized charac¬ 
ter, as their sole use is for resting (kangaroo, herbivorous dinosaur) 

^ AflBimLiFig tTiiit tho no-caJlMl dincjfinurfl src' dipliylvlic ‘Ctuipt&f X_XX)r 
OriuUua<hi$i. SAtm^hia. 

* Dipcdldd?, MunUffi. 
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or for slow locomotion whUe feodint;. They often serve ae vtvy 
efficient oipins of prehension. Because of tiie marked division of 
labor betweeq the Umbsj disparity of size soon arises and;, as cur¬ 
sorial adaptation is perfectedp the fore limbs become smaller and 
smaller in proportion until at leogthp 03 in the ultimate carnivorous 
dinosaurs (i^ee Chapter XXX, Fig. 147)^ they are so absurdly 
reduced that it is difficult to conjecture their use, 

Coimterpoise.—Some sort of counterpoise is always necessary 
in a scmi-erect biped and the taii usually assumes this function. 
In the kan^roo and in the dinosaurs it is a powerful organ and 
6er\'es as a prop, like a third limbp when the creature rest 3 without 
coming down on all fours. The tail may be comparatively short 
and heavy m larger forms or extremely long and slender in more 
lightly built creatures, on tJie principle that an ounce at the end 
of a dxtccn-inch lever is as effective as a pound on one but inch 
in length. Many dinosaurs and bipedal Ikards have a long, at¬ 
tenuated tail; this is especially true of the dinosaur Ptxlokesauru^ 
(Fig. 145), a Triassic form from the Connecticut valley, and of the 
AustraUan frUJed lizard Chlamydonaurus. Among mAwirriftla the 
kangaroos have a relatively short, he^ixy tail; the jerboa on the 
other hand has a very long one terminatbg in a tuft of hair, 
which through its resistance to the air adds effect to the counter¬ 
poise. 

No masting birds have a long taU, that b, as regards the actual 
tail itself, although the feathers may be long. Th^, as in the 
pheasants, may subser^^e a balancing function. The true cursorial 
birds, Ratite, arc practically tailless, but maintain their balance 
with case, the head and neck ijufficing. The ostrich raises its wings 
as an aid in ru nnin g^ but with the practically svingless; cassow'ary 
or the emu the ht^d and neck alone must serve. 

Shortening of Neck.—In bipiedal manunals there La a tendency 
toward reduction in the length of the neck, especially in the rodents 
such as the jerboa (Fig. 4S), in which cursorial adaptation is ex-^ 
treme and there is a remarkable corvical reduction associated with 
the shortened skull. There is of course no diminution in the num¬ 
ber of neck vertebrae, for the number, seven, b with tivo or three 
exceptions (sloths and rnanatee) constant among mammab; but 
the vertebrae themselves are ^ortened and tend to coalesce into a 
rigid mass of bone. Thus in tlie rcxlent Pedeies oer\dcai 3 2 and 3 
are so closely articulated as to eliminate motion, in Perodiptis 
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the axi^ (2d cervical) and next two vertebr® are fused^ while ii* 
l>ipti6 (jerboa) all of the cervicals except the atlas (lat cervical) 
are ooo^Lhed as iii the whales. As we shall the ahorteoing of 



Tia. 48,—Skeleton of Jerboa- (ilfter Psindor sdcI D'Alton.) 


the neck may be also an aquatic adaptation^ since it occurs in the 
whales and Eirenlana (aea-cow^). 

A/cjiioi Precocity 

Animals which depend upon apeed for safety^ as do the ungulates 
or the whaleSj cannot have helpless young. Such must either be 
brought forth in some Excluded den or carried about by the mother* 
Carnivores and rodents have verj^ feeble youngs but they arc kept 
hidden until able to shift for themselves. The kangaroOp on the 
other handt must caiT 3 " her offspring with her and this undoubtedly 
proves a very heavy' handicap to the race wheu competition with 
higher forms prevails, for the destruction of the mother means that 
of the young as well. With all other forms which depend upon 
fur safety, the young animal must be able to keep up with 
the herd almost at on(^- Hence there is no period of helpless in- 
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fancy, but the new-bom deer or horse or camel, with Its Erotesquely 
JoER limbs, haa the relative meutal alertness of a very much older 
dog or rat, although the ultimate mental nttainmeats of the un¬ 
gulate may not be so great. As an illustration of precocity, An¬ 
drews describes an experience with a teo-day-old baby antelope. 
For four miles he seldom went slower than 2o miles per hour and 
for five more miles he averaged 15 miles per hour. He circled too 
quickly for the car in fact, which had to average about 40 miles 
to overtake him. 

qf CiiTsorial AdapMiffn 

Not only does speed adaptation give rise to some of nature’s 
most beautiful and perfect rnachincs, but it seems to have a much 
deeper meaning which has been summarized by Broom, He is 
speaking of Permian reptiles: 

“The African, or more preferably the South Atlantic type, is 
chiefly remarkable for the great development of the limbs. . . . 
"V^Tiat may have been the cause we can not at present tell, but it 
was a most fortunate thing for the world. It was the lengthened 
limb that gave the start to the mammals. When the Therapsidan 
[mammal-like reptile] took to walking with its feet underneath and 
the body olT the ground it fimt became possible for it to become a 
warm-blooded animal. All the characters that distinguish a mam¬ 
mal from a reptile are the result of increased activity—the soft 
flexible skin with hair, the more freely movable jaws, the perfect 
four-chambered heart, and the warm blood. It is further singularly 
interesting to note that the only other warm-blooded animals, the 
birds, arose in a similar fashion from a different reptilian group. 
A primitive sort of dinosaur took to walking on its hind legs, and 
the greatly Increased activity possible resulted in the development 
of birds. Birds were reptiles that became active on their hind legs, 
mammals arc reptiles that acquired activity through the develop- 
ment of aJJ fotir/' 

Back of all this lay the impelling natural cause. The earliest 
known mammals are late Triassic, the first recorded bird Middle 
Jurassic; the inference that both stocks arose in Permian time is 
justifiable from the degree of evolution which each class had at¬ 
tained by tlie time the actual record of their existence begins 
Schuchert tells us that early In the Permian the climato of the 
lands seems everjTvhcre to have been arid or semi-arid and that this 
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coDdition lasted id to Jurassic time* Oae cLaract eristic of desert 
animals of tendaj^the Ii£ard 3 r birds, gazelle, Pcfsian ifpeed^ 

for tbe creature mu^t fare widely for food and drink if he would 
fare well. Again w^e are told that during the Permian there was 
a period of extensive glaciation with a severity of elimate, es- 
peoLalJy in the soutbern land masses, aa great bb, if not greater 
th an, the polar one of Quaternary timOp alt hough p like the latter, 
the Pcmiian glacial periotl had warmer interglacial inter^'als as 
wrelL The incentive for speed already given, rendering the develop¬ 
ment of warm blood possibifij the devastating cold w'ould soon 
place a premium upon such as did develop it and elimioate thCR^e 
w^hich did not. From this fortunate relation of enuse and effect 
might w^ell have arisen on the one hand the primal mammal, mak¬ 
ing hmnau evolution po^ible,. and on the other hand the ancestral 
bird. 

Fobsorial Adaptation 
CUtstfification 

Bionomic,—Fo^orial types may be classified bionomieaUy in a 
manner which denotes the degree of their adaptation to subtei^ 
ranean life. Thus there are, first, those w'hosc habitation is above 
ground but which dig for their food. There are several such^ like 
the swine and the elephant, but Oidde from the mere digging mech¬ 
anism—snout, tusks, etc^—there is but little fossorial adaptation 
to be noted. Nevertheless, such as it is, it may have a far-reaching 
secondary effect upon correlated organs. Thus the entire modifi¬ 
cation of the skull, jaws, and trunkp besides the tusks, of the ele¬ 
phant—structures whicb sum up almost all of the recorded evolu- 
tionarj-^ ehange of the most remarkable of beasts—are either 
directly or indirectly the result of fossorial habit (see Chapter 
XXXV). 

Secondarily, there are those creatures which dig for retreat and 
which show still greater modification, especially in the body and 
limbs; but tbo$e w^hose food is above ground are not so profoundly 
modified as those whose food also is found below* The latter^p the 
wholly fossorial, exhibit the extreme of adaptation w'hich is to ba 
discussed. 

Zohlogic.—Zoologically, the partially and w'holJy fossorial ani¬ 
mals are the lowljp more primitive and defenseless or unambitious 
members of their respective phyla. They include representatives 
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of eveiy great vertebrate class except the fiaheSp but the appeoded 
a^pproximate summary is based almost entirely upon existing fonii& 


Ca^iliane. 


Class AAipmeJA 


Class Rephlia 

Sphenodon 

Uromastir. 

Legless lizards. 

De^rt sioakes* 

Cuiaa Aves 

Burrowing owL 

'^Starlet” sp,, of Miugsii Islands. 

Cliff swallow. 

Class Mas^cualia 

(All wholly rossona] mammals me primitive, fimallp plantigrade, pen* 
Udactyb with moderate to large elaws^ and relatively defen^l^.) 
Order MonotrematAv Entire order. 

Order Marsuplalia. 

Wombat {Phascoiomi^), 

Dasyure (Dcesy^is). 

Kangaroo-rat 

Pig-footed bandicoot {Chwfi^pui), 

Marsupial mole {Nouiryctes). 

Order Edentata. 

Armadillos. 

Aardvark (Oryds-opus), 

Order Insectivora. 

Common moles {Tidpa^ Condylura)^ 

Golden mole (ChryxoMmi). 

Shrew-mole 

Water-shrew [CWwffopua)^ 

I>esman (Myyals). 

Hedgcliog (^rfnA(»ua). 

Oiyzorydeii. 

Order Hodentia. 

Hares (Lepm), 

Ground-squirrels 

PrainenJoK 

WcKKichnek 

Pocket-gopner (Geomyide?)* 

Mole-rats and bambo^rat {Spalacids). 

Octodontida;. 

Paea {Cfsdogenya), 

ViBcaeha (La^oslomua), 

Bathyergidir. 

Siphneinu?. 
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Order Carnivora (retreat only). 

Otter 

Hatel 

Javanese skimk {Mydaus). 

American {Taxid&i}. 

Cohort Ungukta, 

Few dig for food:: swincp elephantSj maatodoiia. 

Modificatims 

Body Contour—The density of the medium through which the 
burrowing form mti«t penetrate ueceasitatca a spindle or fusiform 
shape* not so beautifully modelled as in swift aquatic types* but 
such as will nevertheless offer but little resistance to subterra¬ 
nean pE^sa^. The greatest diameter in most fossorial forms lies 
near the shoulder* due in part no doubt to the necessarTp" strengthen¬ 
ing of the shoulder girdle. This is true of the mole; in other forma* 
such as the echidna and platypus (Fig. 49)* the breadth of the 
stout body brings the greatest diameter further back* but in 



Fm, 49.—of platypiM^ fibula; buinsnu; Hf 

iHuin; ^ bcliium; oi, olecrajicm; *?* Bcapula; u, ubnw tAftcr t^dcr and 
D'^tUon.) 

neither of the latter instanoes is the fossorial adaptation so extrenie 
as in the former. Legless forma, snakes* lizards, and cajciHnns* 
have a eylindrical body. 

Forward of the shoulder the head tapers rapidly so that the con¬ 
tained skull is subconical and lacks the widely expanded zygomatic 
or cheek arches of many surface ty^ws. This last feature, however, 
is correlated also with the feeble jaw musculatuTe* as alni^^t aU 
wholly foijgorial types subsist upon feeble prey such as insects and 
worms, which require little strength of jaw or tooth. 

Tail —The tail, even in $emi4o^oriaI animais, b usually short* 
for not only would a long tail seriously incommode a subterranean 
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creature, but its ebief uses in the manuual seerus to be in connection 
with a cursorial habit, lienc® there is manifestly little need of its 
development in forms in which no premium whatever is placed 
upon speed. Tims in the hedgehog, ratel, and woodchuck the tail 
is short, while in the wombat and the several moles it is vestigial. 
Tlie tail of HubtcTranean foirns may have its uses, for it is said to 
serve as a valuable tactile organ. 

Eyes and Ears—In truly fossorial types the eyes, through dis^ 
use, tend to become vestigial. They w'ould also Ik a source of in- 
juo'' in burrowing forms were they well developed. Two factors 
determine in general the degree of 'vdsual reduction, the duration 
and completeneas of subterranean life. Thus “in the pocket- 
gophers (Gcomjida!) and Bathycrgida? the ej-ea aro small; in {the 
mole-rat] Spalaz typktua they are mere black specks among the 
muscles (although retaining a relatively complete structure); in 
the marsupial mole (iVoton/cie/t typhlops) they are imperfectly 
developed and functionless; in Tnfjja they are vestigial; in the Cape 
golden mole iCkryaochWU) the eyes are covered with sldn’^ 
(Shimer). 

The external ears also tend to disappear as in aquatic types, for 
not only is their position such that they would be a decided ob¬ 
struction to burrowing, but they would tend to gather the soil 
witliin the car and thus obstruct rather than aid in the collecting 
of sound waves, and further, their true function, just mentioned, 
can only be effectively rendered in tbc open air. Hence in the 
Geomjidie and the otter, which is also acmatic, the external ears 
arc small, in the ratel they are very minute, in the 

Bathyergida; (Capa mole-rat, etc.) they arc reduced to a .dight 
fringe of skin around the aural aperture, while in the wholly fos- 
Mrial moles all three sorts are bereft of external ears entirely, which 
is equally true of the Monotreinnta, The last-mentioned group, 
however, are bo very primitive that they may never have had 
them. 

Digging Mec han i sm ,—The mout forms an important organ for 
digging in the swine and in the hog-nosed snake (HetcTodon), in 
each of which the organ is truncated and upturned at the tip. In 
the swine and in the mole Talpa there is a prenasal Ixme developed 
at the tip of the cartilage of the nose. This bone doubtless aerv-es 
the s^e purpose in each instance, that of reinforcing the snout as 
an aid Id digi^Ing. 
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The Uetk particulariy, md sometimes the canines (swme), 

fo™ very adeQuate fossoria] organs. If the incisot^j they arc 
usual]}'' procumbent or forwardly directed as m the pocket-gophers 
and thus protrude in . 

such a w'ay as to add 
to their effect iveness* 

The tusks of the ele- 
phantSp as has been 
ixieutionedj and the 
procumbent low^cr tusks 
of the shovel-tusked 
pxastedous in partic¬ 
ular, were very effec¬ 
tive dig^ng instruments 
if one may judge from 
the manif est wear to 
which they have been 
subjected. 

The fore !im&5 are by 
far the moat important 
fossorial organs of all, 
hence their develop¬ 
ment and modifications 
have reached an ex¬ 
treme, AH of the limbs 
ate very short and 
stout in wholly fos- 
sorial forma, for not 
only is the speed which 
length of limb implies Fio. 50.—HandE cf rapier Ai Cominon 

1 . 1 Trt/pa after Beddard; B, gald*o molep 

unnecessarj-j but long after Pander and D'Alton, fram 

limbs would be a posi- aW; C, paJm&r aspeel^ and D, doraai aspect of 
live detriment in a marEupiiit mok aftnr Carfe^an, from 

Abel. l-Vp digits^ r, radius; w, rwlial eesamo;d 

form working ui such u, uJna, 

close quarters as the 

average burrow* length would also increase the mechanical dis- 
adv'antagc which always accompanies a lever whose weight 
arm is long in proportion to the power arm. In some semi- 
fossorial tj'pes, on the other hand* such as the bares and the 
pig-footed bandicoot, there is need of speed sufficient to offset 
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the advantages afforded by short limbs in their partial subter¬ 
ranean life. 

The hand particularly b broad and stout, with long claws, and 
it differs materially from the foot, as the two members have under¬ 
gone divergent specialization, the hand loosening the earth while 
the foot not only throws it further backward but also serves to 
drive the creature ahead and resists the occasional hnokward thrust 
received from the hands. In the common mole, Condylurat the 
hand is as broad as the entire body is high, so that a sit^le sweep of 
thb very efficient organ will clear a space wide enough for entrance, 
hence the digging is very rapidly accomplished. This broadening 
of the hand in the mole and in the echidna is effected not only by 
having all of the original five fingers fully developed, but by the 
further addition of a bone (es falciforme) which increases the 
breadth of the palm materially (see Fig. 50). In the golden mole 
{Chruaochlsris, Fig. 50,B) there are but four fingers, of which the 
twfo middle ones are greatly enlarged and bear powerful claws, so 
that while the hand is not broadened it la still very effective. 

The bones of the fore limb are alwajs verj' strong, with promi¬ 
nent tuberosities for muscular attachment. This b especially true 



Fio. 51.—Sknteltnj of comcnon molE. Talpa cuTopan. (After Ponder 
and D'AitoD.) 


of the ridges at the proximal end of the humerus, which ser\'e for 
the insertion of the powerful shoulder muscle, and those which aid 
in rotating the hand. The olecranon process, which is the extension 
of the ulna Ixiyund the elbow-joint, b notably large in fossorial 
forms, as it is the insertion of the powerful triceps muscle which 
serves to straighten the arm, hence the greater the olecranon the 
more effective the leverage (see Fig. 51). One peculiarity of whoUy 
fosBonal forms lies in the narrow shoulders, for the fore limbs must 
not dig too broad a burrow and yet must be sufficiently developed 
to have adequate leverage. As a consequence the shoulder soctels 
mu 3 t be as near each other as possible, and this is effected in one 
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of two waj's: gep^rflJly by a shifting forward of tht eotire shoulder 
girdle aod upon the neck, as in the monotrcme^ and northem moles 
{Figs, 49 and 51); or, as in the goldop mole (Chrfjsochhmy Fig. 
50,B)p by a hoUowifig out of tho walb of the chest, the ribs and 
aternuin (breast-bone) being convex inward instead of outward. 
The shifting Fora ard of the ahouJder in the true mole is accom¬ 
plished through the elongation of tho first sternal segment (iTMini/- 
brium 6term)f carrying with it the remarkably short clavicles or 
collar-bones. A powerful shoulder is essential to resist the great 
muscular stmin, hence in digging tjpes, as in those which climb and 
fly^ the cla^ricles are retained and are fully developed. In the mono- 
tremes, notonl 3 ''arc tho clavicles present, but they are reinforced by 
a large T-shaped epistemuni and a pair of powerful coracoids which 
extend from the aiioulder socket to the presternuni (see Fig. 49). 
In no other mammals do th^ latter reptilian elements reach the 
breast-bone, but they are generally represented by vestigial pr<> 
ceiikses+ Emphasis has been laid upon the retention of many primi¬ 
tive features by the nionotremes and much of this niay be due, as 
in the present mstance,. to their fossorial mode of life. It is some¬ 
times difficult, however, clearly to distinguish cause and effect. 

The diver^nee of function which has been emphasised between 
fore and hind limb has resulted in a decided difference in their 
relative power. In the hifid limb the femur is by no me^ns as 
robust as the humerus, nor are its tuberosities for muscular attach¬ 
ment so excessively developed as in the latter bone. Greater 
strength is given to the lower leg by a partial fusion of the tibia 
and fibula, and the calcaneum or heel bone ia very prominent, as 
the increased leverage thus gained aids very largely in pushing the 
animal forward by exteuding the foot more powerfully. In the 
mole Tatpa there ia a large sesamoid bone at the side of the tibia 
corresponding to the osfalciforme of the hand, but otberw'ise the 
foot exhibits none of the great modificatiou which the hand has 
undergone. In the hind limb of the monolremes there is an un¬ 
usual extension of the proximal end of tho fibula beyond the ar¬ 
ticulation at the knee, comparable to the olecranon process at the 
elbow’ and doubtless subserving the same mechanical need (see 
Fig. 49), 

As the st ress ia largely transmitted from the hind limbs forward 
in the direction of the axis of the body in subterranean creatures. 
Instead of vertically in opposition to gravity as in moat terrestrial 
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fomi% the ih*u?n and ischhon have become elongated !n the foift- 
and-aft direction and lie pamUel to tho vertebral column instead 
of forming an angle therewith as usual. The ilium is also fused, 
usually throughout its entire length, with the sacnun, which in 
some fonns, notably the anuadiUos, consists of a large number of 
coSssified vertebrae. 

In addition to the firm fusion of the sacral veriebrse, those of the 
loin and neck also tend to coossify to give greater strength and 
firmness in pushing the animal through the earth. It is also pos¬ 
sible that the peculiar intercentral ossicles between the lower por¬ 
tions of the lumbar vertebrs of the mole Talpa and the he dg e hog s 
(EMnaceiiUc) may be of use in strengthening the vertebral column. 
Such structures are comparatively common among reptiles, but 
are extremely rare among mammals except in the tail. The neck 
vertebrse vary, for in the wombat (Phascohmys) and the arma¬ 
dillos the ccivncals are wide and depressed, and in the latter several 
of them are commonly fused together or anchylosed as in the 
nhales- In the mole the fourth, fifth, and sLvth cervicals arc much 
elongated and overlap each other. This region of the neck is that 
covered by the fomard-shifted shoulder girdle, which undoubtedly 
accounts for this modification. The transverse processes of the 
lumbar vertebne and the muscles which are attached to them ex¬ 
hibit comparatively Uttle development, as the strains transmitted 
are largely longitudinal with little or no lateral movement. 

Hibernation.—Winter sleep is n necessity on the part of sub¬ 
terranean animals lining beyond the limiU of the tropics, because 
of the absence of green vegetation which forms either directly, or 
indirectly by supporting insects and worms, the mainstay of their 
diet. Digging through froaen soil would be so insuperable a task 
that it is also prohibitive of active underground life. An exception 
to this rule would be the lemming {.Vjrcdea fenjiiius) whose “food 
is entirely vegetable, especially grass-roots and stalks, shoots of 
the dwarf birch, reindeei-lichens, and mosses, in search of wliich 
they form, in winter, long galleries through the turf or under tho 
(Flower and Lydekker)* 
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CH.\PTER XX 
AQUATIC AD.4PTATI0N 

PnillAFtlLT AQUAtIC Vertebiutess 

By primaiily aquatie forms is meant the fishes, which have 
never had a terrestrial ancestry, but have evolved from more 
primitive aquatic progenitom. As a consequence their adaptation 
to a watery medium is perfect and they do not suffer as those 
secondarily adapted do through their inability to breathe water. 
They are, therefore, the primitive gill-breathing vertebrates, some¬ 
times with accessory air-breathing organs, it is true, but retaining 
the giUs as the chief or only respiratory organs throughout life. 
But this is not all, for the dense medium in which they lix-e has 
exerted so profound an influence upon them that, with some excep¬ 
tions which only serve to emphasaBc the rule, they are stamped in 
a common mould, giving them so great a similarity of form that 
no one fails to recogiuise a Hsh. 

Contour in an aquatic vertebrate is alWmportant, for nature as 
a marine architect coaforms to rules of mathematical precision, 
the study of which has aided very largely in ship designing. The 
head, body, and tail are compressed into a beautifully curved 
stream-lined form, the entire surface of w'hich is accurately rounded, 
with no protuberances which would retard the sivift pa^ge of the 
animal through ^e water. The head is sub-conical, tho edges 
of the Jan’S and gill-covcrs fit precisely, and even the ^es conform 
accurately to the curvature of the head. Viewed from the front, 
the outline of a typical swiftly swimming fish like the Spanish 
mackerel (Swittbcromonis tmeubdus, Fig. 52) is a perfect ellipse, 
and the fins which are so prominent when viewed from the side 
can scarcely be seen, as they are reduced to thin kecl-like lines. 
The greatest circumference of the fish Ls approximately 36 per cent 
of the length, measured from the snout, the "entering angles" be¬ 
ing very- similar for a great many different fishes. From the point of 
greatest cross-section the lines of the "run,” as it is calJed, are 
also very similar—smooth, hollow curves which freely permit the 
return of the displaced water. 
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Locomotion ig effected hy lateral undulations of the flexible 
body, aided by the fina. The latter axe not* therefore, primary 
but accessory locomotive oTEnns. The body h thrown into a seriea 
of alternate ounces which begin at the hcad^ pass along the body, 
and disappear at the tail. The static wafer eacbaed in the ineurv-ed 
places is pressed upon, causing the fishes forw’ard movement. Of 
course in an ordinary fish there is some lost motion or “slip,^* for 
the water is not sufficiently resistant to oppose the thrust of the 
body, but in the larval eel, which is a thin ribbon-like creature 
whose great relative depth presents a lai^e laterai surface, the 
awimining is so precise that if a pencil is held in one of the hollows 
the fishes body passes without touching it at all. The other ex¬ 
treme is seen in the sw^imming efforts of an ordinary snake wdiichi 



Fio. 62.—Type of awift-ffwimmiiij; fiah, Spaniah fimckercl, SeajnJwrijnurM 
A, aide view: □, jiad (in; c, cauiiiil: tf* doiwU; pec, pectoral; pd, 
pelvic. Bj fronli view. (After Cjroode^ frcmi Dcaa,} 

while it doea progress^ loses a great deal of motion because its 
lateral surface is not sufficiently great. 

This increase of resistant surface is obtained in the fish through 
the development of the unpaired fin-folds of the skin, stiffened by 
fin-rayg of elastic bone or cartilage. These unpaired fins may be 
more or less continuous from the head along the mld-Line of the 
back, around the tail and forward along the under side as far 
as the vent. Usually, as in the Spaniah mackerel this continu¬ 
ous fin-fold is broken up into a number of distinct fins, developed 
where stresses arise, and disappearing where there are none. 
The fins along the back are known as dorsab that around the 
tail aa caudal, and that beneath the body as anal. Of these the 
caudal ia by far the most important aa a propelling organ. The 
mackerel also shows horizontal keel-like ridges on either side of the 
tail. 

The fish also has lateral or paired fins corresponding to the fore 
and hind limbs of the terrestrial vertebrate* Of these the pectoral 
fins Ue just behind the gill apertures at the shoulder, w'hile the 
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pel vice are more variable in poait icin, thougb normally they should 
lie on i^ither side of the vent. The paired fins when held out from 
the liotiy may be simple keels like the unpaired fins; the pectorab 
especially, however, may have additional functions, as they sert'e 
as stabUi^rs and also to check the animal'E way. Perhaps the 
primitive function of the paired fins was to maintain a horizontal 
position, as the removal of the pectorals tends to make the fish 
dive, and of the pelvics, to rise to the surface, 

Swim-Bladder—As a further adaptation to aquatic life all fishes 
above the sharks may have a structure known as the swim-bladder 
—a hollow organ filled with air or gas, the present function of which 
is largely hydrostatic, in that it maintains the fish at a certain 
depth of flotation. If the creature wishes to sink, the body is 
slightly compressed through muscular contraction, and with it 
the swim-b!addcr. This lessens the bulk^ and the weight remaining 
constant, the specific gravity tnereased^ with a result ant loss of 
buoyancy. Kelaxatioo of the muscles has the contrary effect, the 
compressed gas in the bladder espands^ incimsing the fishes size 
and thereby decreasing the specific gravity^ and the creature rises. 
The principle is comparable to the method whereby the depth of 
flotation of a submarine vessel is controlled, although the mecha¬ 
nism differs, for here water is admitted to tlie ballast tanks to be 
driven out again by compre^d air, and thus the ship sinks or 
rises as the case may be. 

The swim-bladder is an outgrowth of the alimentary canal and 
is a very important organ in the evolution of higher forms, for it 
Is the homolopie of the lung of the terrestrial animalp and there 
can be no doubt that the air-bladder of certain ancient fishes, the 
primal function of which may well have been respiratory rather 
than hydrostatic, actually evolved into a lung when the diy ing up 
of the waters left them stranded and they were forced to become 
air-breathing. Thus arose the progenitors of all terrestrial ver¬ 
tebrates (see Chapter XXIX). 

Secondary Aqaatic Ada'ptation 

Secondarily aquatic forms arc the lung-breathers which, through 
stress of circumstances—inhospitable lands where food was scarce 
or competition severe—were forced to return once more to the 
primal home of their remote ancestors. There is always^ m has 
been said, the handicap of lung-breathing, but otherwise the adap- 
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tatioD of certaiQ of the more extreme forms is little short of mar¬ 
vellous. 

As an offset to this handleap it should be remembered that lung- 
breathing made possible or at least accompanied a tremendous 
advance in other organs and their functions, such as a higher brain 
with a consequent pHychological advanceruent. When the lung- 
breathers turned back to the waters, they rmdopted only the 
extemab of fish life, but kept in varying degrees the higher brain 
and the more efficient methods of aeration of the blood and of 
locomotion. And again and again they easily won a place on the 
lower level against the most highly specialized of the inferior 
grades. 

Amphibious vertebrates^ as the name Implies {Gr. double, 
and life), spend part of their time on Land and part in the 
water. They are really terrestrial forma, showing partial aquatic 
adaptation oiily, which rareSy extends beyond the possession of 
webbed feet and a laterally compressed swimming-tailj which may 
bear a fin-like expansion along its upper margin, and sometimes a 
lack of osaification of certain of the wrist and ankle bones^ The 
class Amphibia, which embraces the historically transitional forms 
in the original landw'ard migration, modified representatives of 
which still exist, breathe tjpically by means of gilb during their 
j^outh, and sometimea throughout their life. Others abandon their 
gill-breathing at the approach of maturity and become as essen¬ 
tially terrestrial as a reptile. 

Instances of amphibious life among forms above the class Am^ 
phibia are numerous,, but one or two instancee will suffice. The 
Galapagos lizards (Fig, 53) w'hieh were mentioned in Chapter IV are 
instances of form$ terrestrial from choice but aquatic from neces¬ 
sity, for, it will be remembered, they live on certain rocky islands 
of the Galapagoa group, sivimming out to the surf line and di’^nag 
for the sea-weed upon w hich they feed. There is evidently no 
menace to their safety ashore but their aquatic excursions seem 
to be nmde in actusd dread of bcniily injury, as their behavior in¬ 
dicates. Here a flattened swimming-tail and slightly compressed 
body are the extent of their aquatic adaptation. 

Another instance wherein the habiia are inferred rather than 
the result of observation is that of the late Cretaceous hadrosaurs 
(see Chapter XXXI ), a group of dinosaurs of which our knowledge 
is very complete, for not only have all parts of the skeleton and 
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deotition been prescrv^ed to us^ but fossilised mummiGS as well 
(see Chapter XX'VOp oreatuies wtiich died in t he open and simply 
tlrieil up so that bone and sinew, hide and even portion^ of the 
flesh have lx?eii preserved in p;roat detail. These creatures had a 
wonderful battery of teeth p iin adaptation to a veiy' harsh herbage, 
presumably the Equisetales or borsetail rushes whieh are found 
prcser\-ed with them. There is evidence of adaptation to sub- 
melted, undenv'ater feeding on the part of the hudrosaurian dino¬ 
saurs, whichj together with the Bplendid si^imming-tailj webbed 



Fio. 53.—Caliipdgcie cnitoftM. (After Hr^ro. 

from WiliiBtoii's Water /Cfpffka.) 


hands and feett imply an aquatic or at least amphibious type. Add 
to this the fact that the creature was dereuseles 3 , utterly devoid 
either of weapons or armor, and that its arch-enemy Tyr^iftno- 
saurm was also terrestrial, and we have evidence w'hdch points to 
a reversal of the life conditions of the Galapagos lizards, for ^ivith 
the dinosaur food was on land^ and safety and retreat in the watery. 
One would therefore espcct the greater relati^^e degree of aquatic 
adaptation which they show. 

The marine turtles (Fig 54) have gone a long step further in 
that hero both food and safety are found at sea and only one 
need, which does not coacem aU, but only the females, that of 
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egg-layiDg, brings them to the land at all, and this annual ahore- 
ward migration is fraught with diie peril which nothing; but the 
most urgent aunimons would cause them to face. There is reason 
to believe, more¬ 
over* that in some 
species the males 
never come ashore. 

The final stage in 
reptilian adaptation 
wa$ shown by the 
ichthyosaurs (Fig, 

55) of the Mesozoic 
whose perfection for 
their life condillonB 
equalled that of the 
modern whales* briasta^ (After Hiujckct) 

even to the utter 

abandonment of shore going, for there is abundant evidence from 
the contained embryos in several knoicn specimens that th(^e 
medieval high-scas corsairs brought forth their young ali^T; and 

therefore did not need to 



go ashore for egg-laj-ing. 
This is a necessary part 
of ultimate aquatic 
adaptation, for no egg 
laid by a truly air- 
breathing vertebrate 
{L c. allantoic egg, see 
page can be 

hatched in the water* 
as the enclosed embryo 
would drown as cer¬ 
tainly as would a sub¬ 
merged adult. 

A list of secondarily aquatic vertebrates folloiva : 


PiGr 55.—IchthyMBur. RGstoraticn by Knight. 
(Frotii Schuchert^B Hiatorietd 


Class Reftilia 

Order Chelonia Swamp and river turtles Sea-turtles 

Order Saunopteiygia Xothosaurs Plesiosaurs 

Order Proganesauria 
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Class Reptilia —Contuitied 


Ordei- Ichtbyosauna 
Order ThalRtto5fl,i4ria 
Order Parasuchia 
Order Crooodilia 

Order Sqimnmta 

Order Dinoaaurm 

Eight orders 

Order Odontoleae 
Order Ichthyomithee 
Order Pygopodes 
Order Impconed 
Order Tubinajes 

Order Stegafiopodee 

Order Herodlonea 
Order Anperea 
Order Gavia; 

Xme orders 


All 

Ail 

Phytosaura 

CroeodiJea and alligators Extinct sea-croco- 

dilw 

ip^uanas 

Mososatirs 

Amphibious satiropodSp 
badrosaiijs 

Class Ayes 

He^peromis 

Idiih^omh 
Loons and grebes 

Penguins 

Petrels, albatross, puffins, 

etc. 

Gannett cormorant, frigate 
bird, pelican 
Flamingo 
Ducks and geese 

Gulls, terns, auks Great auk 


Order Mobotremata 
Order Marsupialia 

Order Insectivora 

Order Bodentia 

Order Carnivora 
Suborder Fissipedia 
Snlx»rder Pinnipedia 
Order Cetacea 
Order TJngulata 
Order Sirenia 
Eight orders 


Class hlAMitfALiA 
OrntMarA^naAuff 
Wate^r optrasmu 

Aquatic shrews, desman, 

etc. 

Muskrat, water rat, beaver, 
capybara, etc. 

Sea otter, otter, mink, etc. 

All 

All 

Hippopotamus 

All 


Thus there are twenty^veu orders of secondarily adapted water- 
inhabiting Vertebrates all told, some of which are esclusivety 
aquatic. Many of these, of course, are now extinct, so that the 
whole number is far m excess of those of any one time. Of aquatic 
lung-breathers, the honor falls to the reptilian order Proganosauria, 
which are the first in point of time, as their remaiiis are found cd-* 
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tombed in rocka of Perrinan age not very bog, relatEvdy, after the 
rcptiJea were established. 

Body Contour.—As in primarily adapted fonns^ the body con¬ 
tour becomes Btreara-Unedj the neck constriction dfsappears^ 
the tail enlai^es^ and the same "nuinerital Enea" prevails This 
assumption of the hsb-lLke form ia best seen in the folly aquatic 
orders-—lehthyosauria^ Cetacea, Sirenia^ Pinnipedia—and to a 
lesser extent in several other groups, 1'he niinor factors con¬ 
tributing to this general effect are, fimt, skull modification. This 
includes a shortening of the cranium or brain-case^ which becomes 
proportionately higher and wider, vrith a con.sequent effect upon 
the proportions of the brain, which is likewise short and wide* 
The facial portion of the skull ^ on the contrar^^, tends to elongate 
so that many forms, especially those which subsist upon active 
prey, as fbe porpoises and ichthyosaui^ didj^ have an elongated 
slender snout or rostrum. The zygomatic or temporal arch in the 
Cetacea is also reduced almost to a vestige. 

The shortens veiy materially and there i^ a loss of mobility 
in the swifter^ taJlHlrivea t^'peSi In those forms like the plesio¬ 
saurs, whose paddle propulsion was necessarily'' slower, an elon¬ 
gated,^ supple^ darting neck was nec^asary to overtake the swiftly 
m 0 ving prey. In the whales, w hile the number of ccr\"ica1 vertebr^E 
is the standard mammaliaii seven, they may be fused into a solid, 
compressed mass of bone, vi'hcreas the neck of the manatee among 
Sireniaj with but six eervicals, forms one of the three exceptions 
to the standard number, the other two, as we have seen, belong! ng 
to the sloths. 

In old-fashioned reptiles derived from primitive stocks which 
early became adapted to aquatic lifcp such as the ichthy^Baura, 
the vert^rx retain their ancient simplicity, having simple bicon¬ 
cave bodies or centra like those of fishes. In higher forms the verte¬ 
bra tend to simplify secondarily, due to the fact that the body, 
being water-borne, is equally supported throughout, hence the 
vertical stresses w bieh are the result of gravity in land animals are 
practically eliminated, and the thrust or driving force h trans- 
mi tted longitudinally through the column. This siinplihcation 
includes the centra or bodies of the vertebne and especially the 
secondary articulations or zygapophyses. The several processes 
may become reduced in the trunk region but elongated in the tail 
to provide greater area for muscular attachment. 
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The sacrum, that portion of the vertebral column which articu¬ 
lates with the pelvis and which, therefore, in laud animals has to 
withstand and txanamit the supporting impact of the bind limha, jg 
more or less reduced in direct ratio to the loaa of supporting or pro¬ 
pelling fimction on the part of these appendages. Thus, in the 
ichthyosaurs, cetaceans, and sirenians the sacrum entinf it be dis¬ 
tinguished from the other vertebra: and white its approxinrate local¬ 
ity cannot be far from the vent, the actual identity of the former 
sacral vertebne is lost. 

The chejd of the truly aquatic type tends to become cylindrical; 
land forms, on the other hand, generally show lateral cotiipression, 
especially if they are quarlrupedal in (heir mode of progression, 
with the body off the ground. The chest in aquatic types is also 
modified in such a way as to bring the internal cavity higher to- 



Fio. 56.^kelcton of parpuise. The vestigial pelvic bone* are ahoim 
bedded in the a«fi. {After Pander and D’Alton.) 


ward the hack. This insures greater stability of flotation and 
increased lung capacity and is accomplished by the ribs tending 
to become highly arched dorsally and then to move upward from 
their point of attachment on the centra to the transN’ersc processes. 
A gr^iation in this last future may be demonstrated by taking first 
the ichthyosaurs, wherein the rib articulation is entirely central, 
both rib facets—that for the capitulum or head and that for the 
tuberculura—being on the body of the vertebra, a unique feature 
uLich makes an ichthyosaur centrum unmistakable. In the Pin¬ 
nipedia the position is transitional, whereas in the whalebone 
whales the articulation of ribs and vertebne la extremely loose, 
probably to allow great mobility of the chest for the rapid respira¬ 
tion neccssaiy after prolonged submergence. In the i^irenLa and 
Cetacea the diaphragm has become horizontal in position instead 
of teing practically vertical aa in moat qiiadnipedal mammals. 

The iNwwe of swimming forms tend to become l«ght and spongy, 
the interstices iu those of the whales being filled with oil. Excep- 
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tionfl to thh are found in formg which ^ Hke the walrti5 and 
derive their auistoiiance from the bottonij the walrus feeding on 
inoUusLirs^ the sea-cows subsisting on submarine vegetation just as 
their bovine narnesakes graze in terrestrial meadowSr This necCi^- 
sitates a ballasting which is secured by increased weight of bones^ 
like the greats wide, massive ribs of the manatee, 

Extemallyp the secondarily adapted sea-vertebrate is charao- 
teriaed, like the by the elimination of rctsiding excrescencee, 
hence in the course of their evolution aquatic mammals Imve lost 
all trace of cjicoiaf cars. TMe not only renders the contour of the 
he^ud smoother, but removes a practically useless appendage, for 
the pinna of the car has for its especial use the collection of aerial 
sound waves, a function wliich is valueless in a Bubinerged form. 
Thus the ears are reduced in amphibious mammals, and are totally 
lost in the whales and true seals and walrusi though retained in 
reduced [^mdition in the eea-lions (Otariidie) which spend much of 
their time jiLshorc^ The occasional atavistic occurrence of external 
ears in the porpoise has been noted. 

The extmini nostrils or nares tend to forsake their old terminal 
position at the end of the snout and move toward the a|iex of the 
head as in most of the whalesj ichth3mstiurs, phytosaurs, and 
mosasaurs, mainly in forms with reduced mobility of neck in which 
the vertex of the head first appears abtjve the surface of the water* 
Thia one feature is invariably indicative of aquatic life. The 
noatribj are often capable of being closed, as is also seen in desert^ 
adapted forms like the camel as a protection against drifting 
sand- 

The eyes in amphibious t>'pcs also tend to shift higher on the 
face as in the hippopotamus, whose nostrils, eyes, and ears can 
appear above the surface of the water while all the rest of the head 
and body remains submerged. The advantage of this is obvious. 
In truly aquatic types, on the other hand, the eye does not shift 
its position, aa aerial vision has largely lost its importanoe, but 
instead of this the eyes become adapted to aquatic ™iou which, 
bec%ause of the denser medium^ requires a different curx'ature of the 
lenses. They adapt their vision to the air by contracting the 
pupil to a narrow^ slit, vertical in the seals and horiKoiital in the 
w'hales, or by an actual shifting of the position of the cry'stalline 
lens. Penguins which pursue their prey submerged are curiously 
limited in their aerial \isioti. 
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Locomotive Mechanism.—^Fleshy, gn-tike expansions of the 
body-wall occur in the whales and ichthyosaurs and also probably 
in the extinct tbalattosaurs and sea-CTOoodiles (Ihalattosucbians) 
(see Fig. 60, Geotatirm). These Jins, as in fishes, may be dorsal 



Fra. 57.—whale, (ireinia redipitma. (Aitcr ScammoiL) 


ant] caudal. The dorsal fin ia a triangular structure, essentially 
equilateral in the ichthyosaur, very high and narrow in the l^ilW 
whales, especially Ordnus redi^nna (Fig. 57). On the other hand, 
some whales such as Delpkinaplerus, the white whale, and Balsma, 
the right whale, lack the dorsal fin entirely; while in the sulphur- 
bottom, Balacncptera mu»culas, the fin is small and situated well aft 
upon the tail. The development of this fin must be entirely a 
response to mechanical needs and correlated with a certain bodily 
fom and peculiarity of locomotion, just as the deep fin-keel of a 
sailing yacht would be superfluous upon a motor-driven craft. 

Secondarily aquatic types very often go back to first principles 
and readopt the old wriggling or undulatoiy motion of their pristine 
anoestora, to which fins, etc., are only subsidiary. This also ac¬ 
companies elongation of body, multiplication of segments, and loss 
of limbs (as in the seuglodonts and many long-tailed aquatic types). 



Fio- IS.—^Pleaiaimur, Cfifpbtdeidus, restored by 


Thus two methods of propulsion an? seen among aquatic types, 
even in those whose adaptation has passed the amphibious stage! 
Wiiliston has called them "oar propulsion*' and "tail propulsion." 
In the former, exemplified by the turtles and plesiosaurs (Fig. 58), 
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th^ limbs are more nearly efiuivalsDt in size aod propulaivc power 
than in tail-propelled types. Id the btter;, which is included in the 
undulatoo’' form of looomotion^ tliat secD in the ichthyosaurs, 
whales, and atreniarig^ the hind limbs tend to disappear until finally 
no e^tternal vestige is discernible, though slender bones, represent¬ 
ing the pelvis, thighj and sometimes the tibia, may be found deep 
buried within the flesh (i&ee Figs. 56 and 182). 

It is charactcristio of secondarily afquatic vertebrates that where 
unpaired hii& are developed they are never supported by the 
skeletal elenieuts, knov\T! as fin raySj as they aie in fishes; they 
may, however^ be strengtlicned by masses of dense connective 
tissue. 

The ichthyosaurs were extinct forms ranging in time from the 
Triasaic to the late Cretaceous. The earlier species moved largely 
by means of the HmbSj the later onc^ almost exclusively by the 
taiL In the former the hind limbs w'ere nearly as large as the front 
ones, while in the later iehthyosaura^ as the tail developed the 
hinder paddles were reduced in size until they were often very 
much smaller than those in front. More than eighty years ago Sir 
Richard Owen, the great English anatom notiemg a curious 
dowmw'ard dislocation of the tail at its mid-length in many articu¬ 
lated skeletons, came to the conclusiGn that the iebthyosaurian 
tail must have borne a terminal fleshy fin quite like that of the 
W'hales and sirenianSi but it w'as not until forty years later that 
specimens showing the actual outline of the body and fins were 
found and Owen*s conjecture verified, Ilb only error lay in the 
supposition that the caudal fin was horizontal like those of the 
mammals, whereas it is vertical hbe that of a shark. The ichthyo¬ 
saur tail is diametrically opposed to that of the shark, however, 
for in the latter the backbone is dcfieetctl upward into the superior 
lobe of the fin, whereas in the former It extends along the front 
margin of the lower one. This may be due to the fact that the 
caudal arose as a low fin-like expansion along the upper side of the 
tail, not an uncommon thing among air-breathing vertebrates^ 
and ultimately developed into the widely expanded fish-like fin of 
the later forms. The diagram of the ichth 3 ''osaur caudals will 
make this clear {see Fig, 59). 

The Tlialattosuchia or sea-crocodilcs w-ere a short-lived sace, 
their remains being confined to the rocks of Upper J uranic age in 
Europe, They w'ere also of moderate sise compared with other 
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PlO. S9.—PiojKtIing tJilK caudiUi, of ichthyosaurs, ahowioii. 
toBt of theory. A, JifmMmow 

younff, Upp« Lias, Wdrttomb^; C^mc'aSS 
Ahi.‘> Jursffliq, SqleoLofen, jCi 
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marine vertebmt^s^ ranging fnom 10 to 20 feet in length. But few 
fortiis are known, of which G^osaitms (Fig- GO) is perhaps the most 
typical. This type showji a sharp downward bend toward the end 
of the tail aa in the ichtii 3 *'osaijrs and the inference that like them 
the creature bore a well developed caudal fin is undoubtedly cor- 
rectn Strangely enoughp however^ the hind limbs w^re much Larger 
than tho^ in fronts probably a character Inherited from its shore¬ 
dwelling anoestry. 

The caudal fin of the marine mammals difTers markedly from 
that of the reptiles in. being horizontal instead of vertical and m 
the symmetry of ka two halves or flukesp the bone dividing the 
tail into two equal parts rather than running into one lobe to the 
exclusion of the other. In the Sirenia the same is true, the manatee 



Fio. 60.—Martnc crocodile, thiilattoffiich.ian, {jeoifiiiriWr (Froiti Williffton s 

WcUfT 


having a rounded tail^ while in the dugong (f/niiewre) and the 
exterminated SteUer^s sea-cow it w^aa notched like that 

of a whale. 

Limbs.—Webbed feet are the first natatorial adaptation,, and 
the degree of webbing is a very variable thing- It may consist 
Bimply of lobe-like lateral expansions of skin on either aide of the 
toeSp as In the coot* or of actual eonnectiens from digit to digits 
Extreme aquatic adaptation, on the other hand^ ImplLes the de- 
velopnicnt of a paddle in which there la a loss of mobility of the 
various jointe, the entire skeleton of the limb being enclosed by 
the skin in a single mass showing no external divisions into fingers 
and toes. The result is the production of a flexible paddle of great 
aquatic utilityp but ill adapted for coming a^ore. As a further 
modiflcation the indi^idtifLl phalangeal bones increase in number 
(hypeiphalangy) and^ in some instances, one or more additional 
rows arc seen^ as though estni toes over the normal five had been 
added (hyperdactyly). There is also a change in relative propor¬ 
tions of the various segments as in eunjorial adaptation^ the 
humerus or femur diminishing in length while the other mdi^iduol 
bones may Bhorlen much morCp although from their inercai^ in 
numbers the area represented by the digits may become very 
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much esfraddd. In some mst^ccs> as an e±»pocia] modification^ 
for example, in the round-headed dolphm, Glohic^phalus (see 
Fig. l3jC)j while the length of two or three of the digits may be 
yery great , the others may be much reduced. 

The reduction of the hind Hmbe with the development of the 
tail has been mentioned* together with their total loss externally 


m the aquatic mammals. 
Not only are their res- 
tigcB discernible in the 
form of the bones hidden 
in the flesh, but as Kilk- 
enthai has shown^ extei> 
nal traces (Antagen) of 
them are visible in foetal 
whales the 

humpbaok whale) on 
either side of the vent. 

Integument. — The 
raodification undergone 
by the skin in aquatic 

fli r . animals is in the line of 

J?iG. 01,—lc!ithy<Kaur paddJes, A, left an- - f 

t^ar poddlf^ of .\ffrnamm ziudi, Triaa, Cali- reduction of aitnonng, of 
foroia. fAfter AiGmain, frtsm Abel.) B, hair^ of skin glands* mus- 
of Ichth^fosaurm piniy^tytu^, lewer Greta- cles, and nerves Laas of 
^ 0™.w. (Altar Btaili, from ^ 

the iehthyoaaiira, for rep¬ 
tiles are primitively armored and in the wonderfully preserved 
apecunens from Holzmaden, Bavaria, the only remaining traces 
lie on the anterior edge or cutwater of the fins, and, in one speci¬ 
men at least, along the mid-dorsal fine from the head to and on 
either side of the dorsal fin. 




The loss of hair is characteristic of marine mammala, and the 
reason seems to be that whereas hair is a wonderfully good non¬ 
conductor of heat when dry, in that it retains a blanket of still 
mr aro^d the body, it is of little value in the water. Hence the 
fur ^ais (Otariidffi) which retain more terrestrial characters than 
do the hair seals (Phocida), such aa the ejrternal ear and the ability 
to use the hind limbs for progression on land, still wear a thick 
under coat of fur—the sealskin of commerce. The hair seals with 
their more perfect aquatic adaptation come ashore more rarely 
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and have lost the furiy under coat entirely, retaltnag aunply the 
Eo-callcd contour hmis, bo that their hides valueless as fur al- 
thoiii^h used for other purposes. The whales and siren ians have 
lost all traces of hair except perhaps a few bristles around the 
mouth r but most of them are well covered with fcetal hair before 
birth, w'hich pointa to an ancestrally hairy condition. In a few 
injstances, such as the w'hlte w^hale or Beluga and the nanvhah even 
the foetus lias lost its haiTj thus showing the extreme of specializa¬ 
tion. 

As a compensation for the loss of hair^ the mamniab have de¬ 
veloped a foyer of fni in the connective tissue beneath the skin 
faubcutancous tissue) and this serv'es admirably for the retention 
of the bodily heat w^hich w-'ould otherwise radiate out very rapidl^^ 
into the surrounding water. Even with this device much heat 
apparently is lost, for one of the greatest impediments experienced 
in shipping to New* York porpoises caught on the coast of the 
Carolinas waa the difficulty of keeping the winter in the shipping 
tanks, and therefore the animalu contained in them^ sufficiently 
cooJ for health. This ahows that the porpoises develop so great 
an excess of heat that a more efficient heat-retaining integument 
ia not neoessarir'; the heat excess being correlated with the high 
speed w’hich these animals can attain (see page 302). 

Skrin glund^ such as sweat or oil glands have tliolr value impaired 
if their secretions are continually washed aw’ay^ hence their reduc¬ 
tion in aquatic animals; while the thickening and immobility of 
the skin has resulte<l In the atrophy of its muscles and nerv^es. 
I'he sQlhary ghndi of those forms which devour thdr food under 
w ater are also reduced, possibly because their secretions w^oiild bo 
too largely diluted to liave great digestive value, and partly be¬ 
cause the mechanical function of lubricatiou to aid in swallowing 
is subserved by winter taken in with the food. 

Mouth Armament.— Except in the sca-cowa and walrus the 
jaws^ being no longer used for mastication k but only for the pre“ 
hension of relatively feeble preyp have ver>' largely lo^^t their pow er, 
so that the coronoid process and other areas for muscle attachment 
are reduced. The teeth also suffer modification, usually in the 
direction of simplification, the increase of numbers, or on the other 
hand total loss from one jaw (sperm whale) or both ( baleen whale)* 
In the latter instance the function of the teeth is taken by the 
reinarkable baleen or whalebone to be described latcr^ The marine 
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reptiles have simple prehensile teeth fitted for the retention of 
slippery prey, Mccpt tJie sea-turtles whose teeth had disappeared 
long before their aquatic adaptation began. 

The Cretaceous marine lizards or mosasaura (Fig, 62J show a 
remarkable adaptation for the prehension of prey, for not only 



Fit), 62,—SkuU of a. mosasaur, aidarifti, Cretawous (Nfiohni™), KiBSM. 
(From WillktoQ'e \V<itiT 


were the rims of the jaws armed with slightly recurved teeth, but 
otliere were borne upon the roof of the month as well. The lower 
jan^ instead of being firmly united together at the symphysie 
(chin) were connected by an elastic ligament and each jaw was 
doubly articulated with the sknU through a very movable inters 
vemng bone, the quadrate. The most remarkable thing, however, 
was an extra joint in the mid-length of each jaw bone so that it could 
te bowed out into a decided curve and thus, as in snakes, effect 
the swallowing of prey larger than the normal gape of the mouth. 



Flo, 63.- 


-Zciglod™ flfcull, tipper (Birket^- 

Qiirun), Egypt. (After Andiv™) 


u-h f rt r 7 ‘ ,’'7 eradatioo. ADcimt 

h 1 «» tAd Itp tooth diSorentiatioa 

ohtraolonMio of o.Mra.1,, iho cteek or molor tooth LcariDe 

many cusps arranged in longitudinal series (see Fig 63) In the 
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modem whalets, in which the teeth are retained, they are geaerally 
sitiiple cones and are as a rule much more DiimeroiA& tbiui Uie 
noiTuaJ number for a placental tnammali which is forty-four, eleven 
in each half of each jaw. In Globicephalmy the casing whale^ the 
number may be over One hundred, and the dolphins, Dclphinns 
and ifda^ may have twice that number. As we have i^n, the 
spenu whale^ is devoid of functional tectli in the upper 

jaw, in spite of the fact that it feeds upon active cephalopoda 
(giant squid), Monodon, the narwhal, has but a single tooth, 
altbnugh its mate may be vestigial, in the form of a long, spirally 
twisted tusk or “hom ” really a modified incisor. In the female 
I he horn is reduced. In the curious toothed whales, Ziphius and 
J/yperoodun, there is but a single tooth in each mandible. The 
latter genus has small teeth in the upper jaw, which are also 
present but functionlcRs in the former, (k^cc Chapter XXXIV.) 

In the baleen whales, which may posibly represent a distinct 
whalo-like evolution from that of the toothed forms, the teeth are 
entirely absent except for vestiges in the embryo, w'hidu however^ 
never cut the gum. In their place there has been developed the 
remarkable baleen or whalebone. This is a homy outgrowth from 
the epithelium lining the mouth and may be compared to an exag¬ 
geration of the transverse ridges on the palate characteristic of 
many mammab. Each piece of whalebone is triangular, attached 
by its base to the roof of the mouth, with the free inner mangin 
frayed out into numerous threads w'hich form the straining appa¬ 
ratus. When the creature feeds it rushes open-mouthed through 
swarms of whale food or (pelagic organisms which are 

largely pteropod molluscs); then the mouth ia partly closed and 
the W'ater is forced out between the plates of whalebone by the 
tongue; thus the organisms arc strained out and subsequently 
sw'al lowed, (Sec Chapter XXXIV,) 

The ichthyosaur^, while as a rule well toothed, also reduced the 
dentition so that in the .American genus Baptanodon and the Euro¬ 
pean OpMh^l}ms<]iitruSj which were related if not identical, the teeth 
had become vestigial and funciionlesS:* although the germs were 
still present in the jaws, Th^ convergence of the older ichthyo¬ 
saurs tow’ard the modem w'hales is thereby rendered all the more 
complete and certainly the diet of fish and cephalopods in the 
toothed forms?, as s?hown by the fossil w'aste voided from the ali- 
mentary canal (coprolites) in the ichthyosaur$j w'as the same in 
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both instances. But the food of the toothless ichthyosam? is 
harder to conjecture; there is certainly po evidence of the develop¬ 
ment of anything comparable to baleen, as has beet) suggested. 

precocity.—Mental precocity is as necessary in the gregarious 
aquatic animals as among the cursorial, and they soon show ability 
to keep up with the mother, 'lire new-bom young of whales am 
from one-quarter to one-sixth the length of the parent and a por¬ 
poise about half the length of its mother has been seen rnaintaiiiii^ 
its position as readily as she at the bow of a 15-knot shi p 
Speed. -Records of speed are difficult to obtain, but porpoises 
are known to keep pace with a 39*knot dc 8 troy*erj sheering off 
ahead of the craft with the utmost ease, and this speed is main- 



t^^ wRh, as a rule, an almost ioappreciable vibiatiou of the 
highly efficient propelling tail, as seen from above (Eiee also 
page 315.) 


Size.—W^ten-borae animals exceed all others in size for the 
cncij^ exhausted by terrestrial creatures in overcoming gravity 
may here be turned into growth force. The largest recorded ter¬ 
restrial animals which live are the elephants, of which “Jumbo " 
an Afnc^ s^pedmen, had a height of 14 feet and a weight of sbe 
and oni^half tons. Afncan elephants grow to 13 feet and the great 
impenal ekphant of the American Pleistocene may have exceeded 
this by a foot. In comparison with a sulphur-bottom whale, how¬ 
ever withs^ngth of 87 feet and an equivalent weight in tons, the 
elephant becomes msignificant (see Fig. 64). The largest atrictlv 
tet^nal dinosaur, Tyrannom»nis, reached a length of 47 feet 
and a stMdmg height of 18 to 20 feet. The bulk of body, tail, and 
hmd hmbs was a^ great, but the amphibious dinosaurs exceeded 
it. although the disparity of sis® was not comparable with that of 
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wha^e and elephant. one of the most pondci^us 

had a length of 07 feet and an estimated weight when 
alive of 38 tons. DipIodocuSj while more slenderly proportion ed* 
was at least 87 feet long; and the remains of GigtiJita^itrua from 
East Africa (Tendaguru) indicate an animal nearly equalling Dir>- 
loiJocu^ in length and heavier than Bro^i^saurus, 
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CHAPTER XXI 

Sa-VXSORIAL .iD.4PTATI0N 


Need of Scansori^ Adaptation.—Climbing on the part of ar¬ 
boreal animals is not neee^rily a mamfestatioii of ambition^ hut 
quite the In that relatively feeble creatures may take to the 

troca for safety and retreat and for abundant and easily procured 
food. Historically^ arboreal life is of more than passing interestp 
for it is probable that practically all flying vertebrates, except 
fishesp were derived from Bcansorial types and that^ on the part 
of the ttumimals at least, during the long Age of Reptiles arboreal 
life was the one factor more than any other that safeguarded the 
race and rendered its subsequent evolution possible. 

The list of climbing animals is very greatp but of those which 
show very marked adaptation to arboreal life the numbers are 
relatively few, A partial list is as follows: 

Class Piscns 

Climbing perch 

Mud bkipper {Periophihatmus btirikints). 

Class AMrnmr.i 

Stegocephalmii4 from the Coal Measures tree trunks. 

Tree froga. \ cry large group with couv'crgenccs. CoinDopolitaEi except for 
Africa. 

Class Rectilla 

Lizards, especially geckoes and cbuneleoa. 

Tree snakes. 

CLAsa Aves 

Passerine birds. 

Hoatzin. 

Parrots, woodpeckers, wood-hewerSp and several instances amone the 
typically terrestrial orders. 

Gallifonnes; cruassows, guane, chachfdacas. 

Gruiformes: tnimpetem. 

Ajverifomcs: trc^uckf?, mtiacovy ducks. 

Polecanifomies: snake birdSp cormoranLsK 
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Class Mamml\lia 

Order MsibUpialiA. 

Cidelpli^ridse^ opossums; ^1 but Chironeci^^ tbe wat&r opcissum- 
PbAlaiii^ridsep plialuup^rs. 

^facrupoditLi}: Demiroiaffu^, the tiw-kangaitw. 

DasinuidiE: Das^urMS, Pha^c^rlogate^ 

Order Edeotats. 

BradypodidXf tnec-alothii- 

^fyrtnecophagidiEp antcatersi T^inuiwcftia'p Cyctoturus^ 

Cohort UnguLatfl. 

Hj'tacoidcfl] Dejidroha/raZf the tree-hyrax. 

Ag^WiOfruap an extinct oreodonL 
Order Carnivora 

Felida?p cats: many pnrtialb'p jaguar onlyp whoUy.^ 

Vivemda?p civets^ etc.: Crypt^pradaj Vimra^ Ardkt^. 

ProcyoiiidiE: Proton^ the racoon; the kmkajon; Nasmi^ 

the coati; BcrssflrisCttJj Bassancyon, 
iruAtelidin: the martetu^p and lididls* 

I'rside: the brown beara+ 

Order Rodentia. 

AnonraluridiTp flying squirrels. 

Sciurida^p »quirr^. 

I.^ophbniyida^. 

Myoxidoe, dornuce. 

Cercolahidaa: only the American trofr-porcupines {ETcthixonim 
Order Insectivora^ 

Tupaiidn!!p pen-tailed &lirews. 

Krinaceidse: C|^niHura only+ 

Galcopithecida?, "flying 
Order Cheiroptera, bate. 

Order Primatea. 

All but man, the baboons and a few pyroiind monkey#. 

Only exeepted orders: Monottomataj Cetacea, Sirenia. 

r 

Bionomic Classification 

Walt and Rock Climbers.—The classification of scimsorial ani¬ 
mals from the standpoint of their adaptation groups them into three 
subdlvisionSj of which the firat arc the wall and rock climbers* 
These are not nccea^Jily tree-inhabittnE at all| but nre^ like the 
gecko lizards, well suited for climbing on the w'alls of buiEciings as 
w^eQ as on similar surfaces in nature. The geckoes (see b ig. 77) are^ 
however, a Ycry old and widely dLstributed gtoupp and tbe range of 
their individual adaptation is greatt hence it may weU be that thew 
scansorial adaptation is niter all a response to arboreal life, and 
that the peculiar structure of their climbing oiigana rendered sub- 
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sequent roekHjliTnbing possible, Aiuong mammals there is a genus 
of Hying squirrels lunltetl to high altitudes at GHgit and perhaps 
in Thibetj and thought to live on rocks, perhaps among precipices 
(Beddard). Here, again, we have a form whose ancestrj'^ may have 
been arboreal, but if not^ it wotild afford an interesting instance of 
volant adaptation without an mtenuecUate arboreal habitat. 

Teixestiio-arboreal Forms.^—The second category, the tertestiio- 
arborcah embraces a number of carnivores, rodentSp and insecti’ 
vorea which, while capable of ciimbing, nevertheless are stLIl per¬ 
fectly at home upon the ground beneath the trees. They may 
nest in the trees with more or less extensive terresttial excursiona 
during the daytime, or they may climb for food and live on the 
earth unless impelled by hunger. Their climbing adaptations are 
not. very marked. 

Arboreal Forms,—Still a third group embraces the wholly 
arboreal types, creatures which make the trees their home, and 

w'hile some occasionally 
descend to the ground as 
iu certain primates (gib¬ 
bon)^ their terrestrial pn> 
gre^lon may l^e slow and 
laborious compared with 
that in their true habitat. 
Arboreal forms, accord- 
ing to their mode of loco¬ 
motion, may be grouped 
in the following subdi¬ 
visions: 

1. Branch runnerSf like the squirrels, marsupials, lemurs, and 
chameleons, w'hich hve and progress on all fours on the upper sur¬ 
face of the branches. The group embraces, nevertheless, some in¬ 
stances of very perfect arboreal adaptation, as the great majority 
of treendwellers are here included. 

2. Famt,sf mspended beneath branches. The sloths (Fig, 65), 
for instance» are so constituted tlmt they cannot walk upon the 
branches but rest and move suspended from them by the powerful 
recurAcd claws of all four Limbs. Sometimaa when quiescent, U a 
convenient branch lie sufficiently near^ the sloth may rest his back 
on it and relax the hold of one or more of his feet, but the in¬ 
verted posirion la rardy reversed. On the ground the animal 
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progresses with the utmost difficulty. The bats should perhaps 
also be included under this head, as they rest auspended by the 
hind limbs, head The Bame position of rest is assuined by the 

stMralled flying Jemtir, Galeopilkccn^, really not a lemur at all but 
an insectivore (ace page 317), 

3. Forrfta minging bg the fore lirnbe fbrachiatora, Gr. 
arm). These forms show a very remarkable method of pmgresaion 
by means of the fore limbs, awLngmg with great speed and accuracy 
from limb to limb and from tree to tree. The hind limbs are com- 
pamblc to thosio of the tree-dwelling marsupials and the creatures 
rest and progress on the tops of the brandies at timca, although 
the fore limbs are abnost the sole organa of more rapid locomotion. 
Here belong many of the primates^ more especially the great or 
manlike apes, and our pre-human ancestors* 

Modifications 

Body.—Climbing adaptation, as in the other Unea of adaptive 
radiation, implies certain body modifications as well as those of 
limbs. Body contour is of little moment in dimbingp but strength¬ 
ening of chest and ribs and of shoulder and hip ^rdles Is of import 
tanoe. Nevertheless, in thoroughly arboreal types the section of 
the thorax auteriorly is subcircular, and the ribs arc much curv^ed, 
in Contrast, with the compressed thorax and flat anterior ribs of 
quadrupedal miming tjT>es (Anthony). The libs, especially in the 
alothsp arc numerouij and afford ample support to the eon- 
taiued \'i5icera in their inverted position. The dorso-lumbar series 
of Vertebrae is often elongated, especially in the tree^loths of the 
genus Choteepm (Fig, (ih), where the number lias apparently been 
increased from about nineteen (normal for the order) to from 
twenty-five to twenty-se^'eii os a response to arboreal need. The 
^me is true of other forms. Caprornge^ an arboreal rodent, has 
twenty-three as compared with the normal nineteen, and I^ndro- 
kyra:j:, the only arboreal ungubte now aUve, has six more than its 
terrestrial, hoofed relatives. 

Limb Girdles,—The shoulder girdle especially is strong in that 
both elements, the clavicles and sisapulffl, are well developed, 
altliQUgh in terrestrial types the cla^dcleg tend to dimiuisb, even in 
closely related forms, and may entirely disappear as in ciir&orial 
quadrupedal forms. The fore-and-aft swing of the limb of a deer 
or hon^ would be distinctly limited by a cla^icle^ but in a climbing 




FlQr of didacirjlH^. 

Pelvic Gifdlft-—The ilium or hip-boue especially shows modi¬ 
fication in such types as the sloths and primates, as it is broadened 
out as a support for the ’viscera. Thb is markedly true of the sloths, 
whose inverted posture uece^tates additional support, smee the 
mesenteries or membraxLes which slingf the Intestine to the dor^l 
wall lose much of their efficiency w^heu the body b erect or inverted. 

Limbs—In contrast with the cursorial types, it b the proximal 
limb segments which now elongate, especialLy in the suspended and 
brachlating forms, those of the sloths again being very long, while 
in the great apes the rebtive length bears a direct ratio to the 
creature's climbing powers, reaching the extreme m the gibbona 
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type whose arms are subjected to much more varied and violent 
strains the cbvicle is \*ery essential, as it withstands the compres- 
fiion of the powerful breast muscles. The scapula is abo well do- 
velopcdj but not exceptionally so. 
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( HyJ^^baiea) whose aniLs are so long that the knuckles of the h^nd 
touch the ground when the animal stands erect. The progre^ of 
the gibbon from branch to branch and tree to tree is remarkable 
(sec page G49 and PI. XXVIIj. CUmbing forms are generally 
plantigrade, some of the niocoons secondarily so. In certain lemurs 
{Tamm^ see Fig. 24A; Galago} the tarsus may be elongate, but tlus 
is probably due to the fact that the creatnrea leap as well as cUmb» 
and the elongation of this segment is a roispoiise to the former need 
rather than to the latter. 

Feet.^—The feet of arboreal animab may be either prehensile, 
that hif grasping, with more or less opposable or non- 

prehensile. In the non-prefmmk itjpe the claws may be well de* 
velopcci as in the sqiiirreb or the cata, giving a fairly tenacious hold* 
In the Canada tree-porcupine (Erethizon) the plantigrade feet 
arc anned with long cuiwed claws, in addition to which the soles 
bear spines and tubercles which aid in climbing. 

Adhesive pads either on the tips of the digits or on the soles of 
the feet occur in several isolated instances, such as the tree-frogs, 
geckoe$^ and Dendrohyrax among mammab. The frogs are aided 
by a sticky secretion of their pads. “Tree^frog^, w hen hopping on 
to a vertical plane of dean glass, slide down a littlCK probably until 
the secretion gtiffens, or dries into greater consbtency. , . . Wet 
leaves or moist glass-^walls afford no hold. The adhesion of these 
frogg is asabted in moat cases by their soft and moist bellies^ just 
as a dead frog w ill stick to a pane of glass (Gadow). 

The geckoes, by means of their adhesive digits, climb up abso¬ 
lutely smooth and vertical surfaces, or, hack dowTiw ard^ along a 
w’hltcwashed ceiling. The apparutus, Gadow* says, is complicated 
in Its minute detail, but very simple in principle. The adhesion ia 
effected not by sticky matter, but by small and numerous vatua. 

Dcndrvhyrax, the tree-hyras, allied to the coney of Scripture. 
1'he trcfr-hymxes frequent the trunk and larger branches of trees, 
sleeping in holes high up in the big trees, especial ly^ act^ording to 
Roosevelt's observ'ationsp the cedars. The adhesive organs have 
been described by G. E. Dobson, who says that these animab are 
enabled to climb perpendicular w^alts iind trees without tJie use of 
claws. The thickly padded tuberculated soles are drawn up by 
certain fle?cor muscles, thus leaving a partial vacuum by means of 
w^hich the anbnal retains its hold. 

The primitive type of prehensile foot has been developed in the 
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two great manamaliaii gjoupSi that of the maraupial being repre¬ 
sented by the opossunj {Marmo&aj Fig. 39,A), and that of the early 
placental^ by the oreodonts, the archaic flesh-eating roammals {see 
Chapter XXXII) j the foot of which has been shoi™ to be a terres¬ 
trial modification of a ginsping type. 

Feet of the prehermk iupe are found to-day In the maren- 
piala and primates. In the former group it h the hallux (see Fig. 
39) or great toe whJeb is offset so as to oppose the fourth digit, the 
second and third being bound together in a common integument 
(Hyndaetyly^ see page 249) and so slender that their combined 
strength about equals that of the outermost or fifth digit. In 
marsupials which have become terrestrial the ofl'set great toe has 
become vestigial or may entirely have disappeared, as in the kan¬ 
garoos (see Fig. 393)- ho the primates^ while the foot is perhaps 
most apt to show this opposable first digit, it aleo exists in the 
handj, although it is nowhere developed to the degree shown in 
mankind^ w^herein the final perfection of the hand as an organ of 
prehension has developed since Its release from the necessity of 
arboreal locomotion. 

Synducitfhf (Gr. together, and B4J^TllXo^, digit) has al¬ 
ready been referred to as occurrmg m the marsupials, and even 
such as are no longer tree-inhabiting, like the kangaroo, still ex¬ 
hibit this feature in imredueed condition. It doubtless arose 
primarily, how-ever, as an arboreal adaptation. The koala shows a 
rather remarkable modification for climbing, for the foot has a 
long, widely offset, clawlcss great toe, syndactybus second and 
third toes, which are clawed, and powerful clawed fourth and fifth 
toes, the former being the longer. The band, on the contrary, 
has five subequal digits, aU of which bear sharp claws; but two 
digits, numbers 1 and 2, oppose the other three, its clinging 
powers are so groat that even death will not dislodge the creature 
from the tree in w^hich it is shot. 

Among reptiles, the true African chameleons (CAawt^e/con, see 
Fig. 67) exhibit remarkable syndactyly, as it extends to both fore 
and hind feet. On the hand the first three fingers form the inner 
bundle and are opposed to the outer tw^o w'hich are Uke^T-se svri- 
^ctylously bound. The foot is similar but reversed, in that the 
inner bundle contains tw'o, the outer one three digits. These very 
admirable grasping organs are supplemented by a prehensile tail, 
flo that the creature is veiy firmly anchored in positioti, which 
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rendered necessary'' perhaps in part by its method of Beomlng in- 
iseet prey by the unerrini^ aim of the enormously extensile tongue. 

In the so-called seansorial birds such as the parrots, woodpeekersj 
and the Jike^ the outermosft toe h&s been rotated backward in such 
a way that it and the haUux oppose the second and third toes, the 
fifth, m in all birds, being absent. This gives a very firm grasp 



Fifl. 67.—Chumclcon, ahowing syndactylous hands 
and feet, and prehcn^lc tail. 2, with partly pn> 
tnicled tongue; head of horned chazacloait, from above, 

for the actual grip of a branch as In the parrots or^ reLnforeed 
by strong claw^e, enables the animal to cling to the roughened bark 
of a tree trunk. In the parrots, wcK>dpeckergj and cuckoos the rota¬ 
tion of the outer toe is permanent and the foot is eaded zygodacty- 
lous (Gr. ^uyop, yoke); certain otherSi ow'b, etc.* may turn it back¬ 
ward or not at will (aee Fig. €8)* 

IVTiile arboreal forms usually have need of all of their digits^ 
occasionally one $ecs digital reduction. The foot of the koala p with 
ejTidactyloiJs second and third toeSi functions as four-toed, even 
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though consfeting structurally of five; certain of the primates 
(lemttn3)p on the other hand, some of which resemble the koala 
superficiaUy very much, have actually lost the second digit m that 
the opposabihty of the first in gmspiug a Jiinb is unimpeded. In 
the lemur (potto^ etc,), the fourth digit is the largest as in the keala. 
Digital reduction is also seen in the tree-sloths, the two-toed sloth 


Chot^pm (Fij^. G5, Gfi) having but two in the hand and three in 
the foott while in the three-toed sloth Bradrjpus there are three in 
each, and the band and foot are both somewhat elongated, espe¬ 
cially in the powerful hook-like clawg which, like 
the feet of the koala, retain their grip on the bough 
even after the animal has been shot. 

Tail.—The tail may be prehensile or not aa m 
the case of the feeL If non-prehenalle, there are 
ectodennal spines or scales on the under aide, as 
in the flying squirrel which prevent 

the animal from slipping domi. Tlie same effect 
is produced in the woodpecker by stiff spiny 
feathers which are braced against the tree trunk to 
which the creature clingy. The poature is familiar, 
Fio. 68—Foot and enabicH the bird to drill into the wood for the 

of a WOdd|Kck0 



shu^'ing fourth 
toe reversed for 
gmapiiXK. (After 
Haacke, from 
Abe].) 


grubs upon which it feeds, or to excavate cavities 
for its nest or for the storage of food. 

Prehensile tails are found in a number of unre¬ 
lated instancea, as, for example, the chamdeon 
Heards which have been nieiitioii«l, the opossums, 
the tamaudua which is one of the nnteaters, and 
certain of the New World monkeys (Cebidae) such as the spider 
montey (see Pig, 245), the howlers, and the capucliins. Where 
the preheusib powers are well developed the tail is naked on the 
under surface near the tip. One of ihe most perfectly adapted of 
these forms is the spider monkey, Atclet, in which the tail is highly 
prehensile and functions as a "fifth hand/’ Perhaps as a correla¬ 
tion with this excellent grasping organ the real hands have lost the 


thumb, but the four bug digits which remain form a splendid hook¬ 
like device for auspendiog the body. Not all South American mon¬ 
keys have a prehensile tail; on theotber hand, none of the Old World 
forms do, so that its presence is diagnostic of a NewAVorld ape. 

Other Accessory Organs,—Other accessory climbing organs 
might be mentiooed, such as the parrot’s beak and the spines and 
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tubeircles which are sometiuiea developed on the fore arm in cer¬ 
tain lemurs (Hapaleniur male and upon the lower end of 

the ankle in Galago gamctti)* In Demiirr caWa there is a patoh of 
hardened skin on the fore arm which projects to a large extent 
and has been called a dimbing organ ^ although it lacks the re¬ 
curved spines; both this and the spiny patches of Hapal^mur and 
Golago have glands connected with theni;, the function of which 
is doubtful. 
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VOLANT AD.\FTATION 

Next to water as a moulding environment comes the air, for the 
creature which inhabits either m surrounded on all sides by a homo¬ 
geneous medium so that it becomes uidforinly and beautifully 
modified to offer the least possible resistance to the atUinmeut of 
speed. Water-inhabiting forms^ however^ whether primarily or 
secondarily adapted^ may become so thoroughly at home that in 
the latter group no evidence of their former habitat is outwardly 
visible. Aerial creatures^ on the contraryp are never e^^cliisively 
such and must return to the trees or earth or sea when they wish 
to rest. Hence their adaptation is always a double one and as a 
consequence caimot reach the extreme of speciaLizatbti of water¬ 
borne types* 

Classification of Flight 

Passive or Gliding Flight,—Flight is of two fiOrts: firstj. passive 
or gliding flighty in whicb^ ^vitb the exception of the fisb^, the 
creature merely takes an initial leap from a high point and, held 
up by certain $uat 4 iinjng organs and impeded by gravity* glides to 
a lower level, sometimes covering a horizontal distance of many 
yards. A^de from the initial impetus there b no locomotive force 
other than gravity^ so that the flight is comparable to a gliding 
airplane ^vithout engine power. 

True Flight.—True flightp on the contraiyj implies power, so 
that there is sustained movement through the air, whether the 
flight be brief like that of a domestic hen or supported on the tire- 
leas pinions of an albatross. True flight has evolved three times 
among vertebrates: iu the reptilian pterodactyls, the birds, and 
the bats, WTiether flying fi.^hes should be included U a much disn 
puted question. True flyers may ino^T the wing^ with vaiydng 
degrees of rapidity from the extreme speed of a huniming-bird^s 
wing to the measured cadence of a w inging crow. Many birds (and 
doubtless some of the ancient pterosaurs) also sail or soar on ap¬ 
parently motionless winga for hours at a time after having gained 
their altitude by a flapping rise. They are m reality gradually 
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descending in a great spiral, although by taking advantage of the 
shirting current^ of air they may retain their elevation iviih httlo 
apparent expendiiure of energy. 

An extreme adaptation of this last method is that seen in the 
albatross, whose majestic flight is thus described by Hutton: 
■‘AVith outstretched^ jiiotionlesf wings he isaiis over the surface of 
the sea, now rising high in the air, now with a bold sweepj. and 
wings inclined at an angle with the horizoni descending until the 
tip of the lower one all but touches the crests of the ivaves as he 
skims over them. Suddenly he sees something floating on the 
water and prepares to alight; but how ebanged he now is from the 
noble bird but a moment before all grace and synmiet ry. He raises 
his w ings, his head go€s back, and his back goes in ; down drop two 
enormous webbed feet straddled out to their full extent, and wdth 
a hoarse croak, between the cry of a raven and that of a sheep, 
he falls * souse * into the water. Here he is at home again, breasting 
the waves like a cork. PresentI 3 '' he stretches out his neek> and 
with great exertion of his wings runs along the top of the water for 
seventy or eighty yardsr until, at last, having got sufficient im¬ 
petus, he tucks up his legs and is once more fairly launched in 
the air.” 

flight of the albatross seems to be sustained on motionless 
wings and yet it will follow the wake of a ship with all of the appar¬ 
ent ease with winch a school of porpoiso precedes her bow\ In 
the latter, when viewed from above, there are no aisfhJr propelling 
n^ovemcnts except at long intervals w"hen a few rather vigorous 
dorso-ventral undulations of the tail are seen w-hich, however, do 
not Bcem to accelerate the creature’s speed appreciably. A closer 
view, especially if one be more nearly on a level ’vvith the w^ater, 
shows the tail to be in rapid but minute vibration all the time, and 
this intense movement is sufficient to keep the creature ahead of a 
39 -knot destroyer (the record) and even this does not seem to be 
the limit of its spe^, Tlie progress of the albatross is apparently 
analogous, for, as Moseley saj's, "1 believe that albatrosses move 
their wings much oftener than is suspected. "I hey often have 
the appearance of ssfiaring for long periods after a ship without 
flapping their wings at all, but if they be very' closely watched, 
very short but extremely cjuick motions of the wing3 may' be de¬ 
tected. The appearance is rather as if the body of the bird dropped 
a very short distance and rose again. The movements cannot be 
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at flU imlesa the bird Is exactly on a level with the eye, A veiy 
quick stroke, carried even through a very short arc, can of course 
supply a store of fresh irtomcntum/^ 

Doubtless the albatroas takes advantage of eveiy shift in the 
breeze, which is made up of a complex of varying air currents, 
tilting this or that wing to gain whatever tilting power the air can 
give. That this “jockeying'' of the air currents is a very great 
aid is attested by the fact that on a calm day the albatross cannot 
sail, but must flap heavily to sustain itself in flight. It is analo¬ 
gous to man's flight in an cngineless glider. 

MoDiricAtioxs 



Body contour in volant animals has been emphasized and is 
second only to that of the purely'' aquatic forms in its degree of 

perfection for the lessening 
of resistance. 

Sustaining Surface.— Th^ 
sustaining surface Is prim¬ 
itively, except in the flahea, 
a fold or series of folds of 
the skin knowTi as the patu- 
gium {Lat. patagium^ an 
edge or border). This may 
be supported in various 
ways, but with one excep¬ 
tion, in the little lizards 
{Draco spp.) which inhabit 
the Indo-Malayan region, 
the limbs form the chief 
supporting agents. In the 
"'flying dragons^" Draco 
{Fig. fl9), just mentionedp 
the body is depressed and 
the sides extend outw’ard 
into a pair of laige, wing¬ 
like membranes, supported 
by five or six elongated riba. 
The enlire de\'ice can be folded like a fao against the sides of 
the body when not in use. The soaring powers are not very 
great but when resting among the luxuriant foliage of their habitat 


Fla, 60 ,—*‘F]yLtia dfSfOB," Qraeo n)Ia>u. 
(After LuU.) 
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the animals are said to resemble butterflies in their habit of open- 
ing and ctosing the wings. 

Most soaring mammals have the patagtum supported between 
the fore and hipd limbst and sometimes the skin-fold extends in 
front of the fore limb to the neck and again between the hind limbs 
and the tail. Perhaps the extreme of development may be seen in 
GaUapitheais (Fig. 70)^ the so-ealled flying lemur^” for here the 
patagium extends from 
tail, even including the 
digits, ivhich are webbed 
as though for aqiiatic 
life (see page 331), 

Where the patagium 
is supported mainly by 
the elongated fore limbs 
and their digits, true 
flight ensues as in the 
pterosaurs, wherein the 
enormously elongated 
outer Anger sustains 
over half the membrane^ 
and in the bats, whose 
second, third, fourth, 
and fifth digits perform 
a like function, the 
first alone being free. 

In both groups the 
membrane extends from 
the ami to the sidea of 
the body and also to 
the front of the hind 
limb. An interfemoral 
membrane, which, however, may have existed, has not been 
demonstrated in the pterosaurs but is variably present in bats. 

Fe^xihers are structures which are absolutely diagnostic of birds, 
since no other group of animals has developed them, and indeed 
their complexity is such that there is little likelihood of nature^s 
repeating herself in their evolution as she has done many times 
in that of simpler structures- Birds have traces of patagia In front 
of and behind the arm which may have had a vej^ adequate sup- 


the sides of the neck to the tip of the 


FlO. 70 ^—Galmpiihecm mlans. (After Lulb 
modified from Wood ) 
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porting function before the fcatbeis usurped their place; but in 
alJ known birds the main buojrancy Is pro\'ided by the broad 
vanes of the remigea (supporting feathers) of the wing and the 
rectrices (steering feathers) of the taU which collectively form 
the most perfect device imaginable, except, perhaps, the insect's 
wing. 

The feather (see Fig. 71) has been called ’’nature's masterpiece,” 
and while simply a modified reptilian scale, has reached a com’ 
plexity so great that its component parts may be counted by the 
hundreds of thousands. It is thus described by Evans: The feather 
consists of a quiiJ or caiamua and the rliachis or shaft. On the 
rhachis a double series of barbs are developed, caro-ing a similar 
double series of barbules, the barbules again giving rise to barbicels. 



which m the distal rows usually terminate in hooklets. These 
catch in the folded margins of the next proximal row, thus produc- 
ine a firm surface. Each flight feather, therefore, forms a mem- 
brane-hke supporting device, the severaJ feathers of the wings 
being collectively sufficient to maintain the bird in the air even 
when a few at a time are Jost as during the moulting season. 

Wing,—The wing, aa we have seen, lias been three times 



uHuiy, vestigial as m 

cumonal tjpes, 'Ihe pollex or thumb is always free and clawed 
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for crawlmg and dimbmg. In the smaller bats, Microch^iropUra 
(Fig, 83,A) j the second finger, nlthough diatmcti i3 not free from 
tlie third but is attached to it dlstally^ the two combining to 
support the anterior margin of the wing. The fourth and fifth 
digits are well developed. In the Megacheiroptera (Fig. 833)j <>r 
fruit bata, the second digit is independent of the third and beam 
a claw like the first. 

In the pterodactyl wing (see Fig. 133) radius and ulna are 
more nearly equal, the former being somewhat smaller. The nest 
segment c^on^ts of a vety heavy fourth metacarpal^ bearing the 
great wing-finger, and three extremely slender tnetacarpals sup¬ 
porting the first, second, and third digits^ whioh arc amah but free 
and clawed. There is also the bone known as the "pteroid"* w'hich 
lies m front of the fore arm and is directed inward toward the 
shoulder. It is supposed to have supported the anterior margin of 
a small prepatapum which Jay in front of the am from the wrist 
to the neck (see Fig, 79). The single wing-finger, presumably the 
fourth, is huge and formed the entire anterior support of the pata- 
gium beyond the WTist. One curious feature of the pterodaotyl 
w^ing hes in the position of the principal joints the wing being flexed 
betweoQ metacarpal and proximal phalanx^ rather than at the 
wrist as in birds and bate. 

The bird wing (see Fig. 13,E) is the most specialised of aUj fotr 
here not only are the digits reduced to three, but these are more or 
less fused together so that, with rare exceptions, their sole function 
is that of flight. In all modern birds, therefore, there are three un- 
e<iUftlly developed metacarpals which sje firmly oodssified. The 
digits are represented by one or rarely two thumb phalanges which 
support the so-called bastard quills, while the second digit, which 
is much the largest^ bears tw^o phalanges, and the third, one. CJaw^s 
are sometimes borne on the first and second digits of modem birds, 
while Areh^fifimis (Fig. 80^A), a reptilian bird of the JuraasiCj had 
a claw on each of the three free finger^. The alar or w'tng expand 
is pro\ided by the feathers, since the patagiump as we have seen, 
is vestigial. These feathers, known as remiges, are borne upon the 
hand (primaries), and on the arm (secondaries). Overhang their 
basal portion are se veral row’s of co verts, protecti ve feat hem knowm 
as major, me dian , minorp and marginab The importance of the 
wing coverts lies in the fact that they close the interstices between 
the quills of the flight feathere and give the wing a continuous area 
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to oppose the buoyancy of the air (aoc Fig. 73). Birds hove an 
advantage over both bat and pterodactyl in that lost or Injured 
featlicrs are renewed, while serious injuiy to the patagfum may 
impair its owner's powers of flight for life, 



*i.f G ■ Phwsant, shawinE tJie two ‘’biatvd quilEe" borne oa 


I^eumatic Bones.—Hollow, air-filled bones are found in the 
birds and pterodactyls and in many ways they show a remarkable 
community of design. For instance, there is in the humerus of both 
pterodactyl and bird a foramen for communicatioti between the 
respiratoiy o^s and the cavity of the bone, but that is not so 
remarkable as the fact that in each instance the foramina corre¬ 
spond m position, fomi, and sire, and that they are not one laree 
hole, but in each case a reticulation of small perforations one be¬ 
yond the other. So far as our knowledge goes, pncumaticity seeros 
to have Wn univetssl among pterosaurs, but there are no dceen- 
erate or flightless pterosaurs known. On the other hand, biids do 
aot dl poas^ equal degree for, as one would expect, it is 
abrent from the Katitre nor is it developed equally in all birds with 
fiigli . Coupled with the pneumatieity in birds is a remarkable 
^velopmeat of air sacs, principally in the abdomen, but in other 
portions of the bodj- as weU. These serve not only to lighten the 
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specific gravity of the bird, but also to aid in respiratioDp for the 
luniks of birds are inelaBt ic and do not hang freely in the body cavity 
as they do in mammals, but, by means of the abdominal sacs, air 

drawn through them, not merely into them. Hence there b no 
unused portion of the lung containing residual air^ as in mammals^ 
and respiration b iiiucb more effectively accomplished. This is 
necessary, for with the rapid flight there is a high expenditure 
of energj"i and the respiratory and nutritive organs and those of 
circulation need to be ample and efficient to meet the demand 
upon them* 

Sternum and Shoulder Girdle.—Not only is the sternum or 
brcaat-bone well developed in creatures with true flighty but it bears 
a median keel or earma for the origin of the pectoral muscles which 
wield the wings, "J'o resist the contractile force of these muscles 
the shoulder girdle is made very rigid by the development of the 
clavicles and, in the birds^ of the hoa\y pillar-like coracoids as weU. 
Coracoids are Lacking in the bats, imd clavicles in the pterosaurs, 
but in birds both elements are present. In the pre-Cretaceous 
pterosaurs the scapula is 8iil>er-iihaped and united to the coracoids 
at an angle of less than 90*^ exactly as in carinate birds, I'he Cre¬ 
taceous pterodactyls differ, however, in that the acapulse, while 
articulating at right angles with the comcoida^ are directed toward 
the vertebnej uniting with their neural arches. In the great ptero¬ 
saur Ptertmod^n (Fig. 79) the scapula articulates w ith the coalesced 
spines of sseveraJ coosaified vertcbrie w'bich constitute the so-called 
notarium, the whole mechanism being comparable to the pelvic 
arch although on a much larger scale. 

In the flying (carinate) birds the scapula and coracoid are united 
by an articulation; in the flight less Rat it®, on the other Imnd, they 
are firmly coosstfied, and form an angle with one another greater 
than a riglit angle. In the Ratit®, as the name implies (Lat. 
raft) the stemuin is raft-like, and bears no keel^ 

Brain and Sense Organs.—True flight implies a good brain and 
the perfection of certain sense organa which, as we have seen, ane 
developed in direct ratio with the locomotive powers of any animal. 
The brains of bird and pterosaur are curiously alike in that each 
has broad, well developed hemispheres (cerebrum) w'hich touch 
the cerebcUutn behindi and the optic lobes are much enlarged. 

Both birds and pterodactyls were well endowed with i^Tsual or¬ 
gans^ the eyes in each case bcLtig large and having the so-called 
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sclerotic plates, stnictures which are laiely elsewhere present ex¬ 
cept in oertain reptiles (dmosaura, ichthyosaurs, mosasaura, etc.). 
Their function may be to resist variable pressure and also to aid 
in the rapid focussiiig which b of idtal necessity in bird and ptero¬ 
dactyl. The bats, while reputedly blind, often have vejy good 
vision, especially during twilight. They also have a moat marvel¬ 
lously developed tactile sense, which docs not seem to need actual 
contact for the discernment of approaching objects. The remark¬ 
able ears and facial appendages of certain bats are the principal 
seat of this sense and the patagia and interfemoral membrane are 
also highly sensitive. 

FlYEN'G Vi:RTEBa.\TES 

Fishes.--Thcrc are enumerated several genera of flying fishes, 
each of which represents a separate volant adaptation. Of these 



Fjq. 73.—Flying fiali, Exoecciua ipitopUrw, {From British Aliueum Guida 

ta Flight-) 

the firet to be mentioned are the several species of the genus Ezo- 
ecaus (Fjg. 73), allied to the skippers and garfish, which live in all 
tropical and subtropical seaa where they fly in shoals in their ef¬ 
forts to escape the relentless tunny and albieore. These fij-ing 
fishes are trim-built creatures with large pectoral fins, which are 
the main organs of flight, and variably developed but much smaller 
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pehics. The lower lobe of the tail ia invariably tho longer and 
aids in giving the final impetus to the fish as it leaves the water 
and also in accelerating its speed if in the course of its flight it 
comes n(^T enough to the surface of the sea. The length of flight 
b to vary up to 200 or 300 yards and it is sometimes a ufficiently 

high to strand the creature on the deck of an ocean-going eraftp 
Whether the flight of Exocf£tu» is true flight or merely a soar a 
much disputed question and the evidence, briefly surmnaiiaed, 
ia as follows: 

The wing expanse is hardly sufficient for such extended soaring. 
The wings (pectoral fins) do vibrate, but whether due to muscular 
effort or to friction, as a flag h flapped m the wind, is not clear. 
The muscular development seems insufficicut for tnie fliglit, but 
on the other hand it is more highly developed than in allied non- 
flying fishes. It may well be that while true flight as such does 
not exist among fishes, rapid wing vibration insufficient in itself 
to support or drive the animal may aid in maintaining or prolongs 
ing a soaring flight of which the main propulsive effort b acquired 
by the tail before leaving the water. At all events, their flight 
U remarkable and the creatures are one of the moat interesting 
features of the storied tropical seas. 

The various species of DcLd^lopient^ (Tig. 74} are known as the 
flying gurnets and while the flight b by no means 0$ sustained as 
in of the former fishes Meseley writes: ‘ have distinctly 

seen species of flying gurnets move their wings rapidly during their 
flight . . . especially in the ease of a small species of Dactyloplerv^ 
with beautifully colored ^ings, w'tuch inhabits tlie Sargasso Sea.” 
^loseley likfina the flight of the gumots to that of grasshoppers. 

There ia on African flj'ing fish found in the Congo and Niger 
rivers— Pantodm, a form but three or four inches long—which 
leaps out of water and flutters through the air for some distance. 
Still another flying type b GastrQpelecu&f a smolh compressed fish 
with long and curved but not particularly large pectoral fins, which 
occurs in the rivers of British Guiana- It skims along the surface 
of the water for 40 feet or more, beat ing the water with its pectoral 
fins. Then it leaves the water for a distance of five to fen feet and 
when exhausted faUa sideways into the water again (Eigenmann)* 
a little fish found along the coasts of Japan, 
China, India, and Australia, skims a short dbtance above the 
eurface of the w^ater by means of its broad pectoral fins. 
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FlG. 74.—Flying fish, gurnet, Daetyiopieriia aAiUtm. {After Lull.) 



»iG. 75.- 


Upper Cret^eeoi 

Mt Ubanon, Syna, {After Woodward.) 
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Fic. 76.—frofs Rhacophorm 
reinhardiii (After Dum^ril and Bib- 


Sevcral extinct forms iiave been described es '^Qying fishes/* 
These are: Dolhpt^m from the Middle Trias (Upper Muschelkalk) 
of Jena^ Thoracopt^us and Gi{faniopterm from the Upper Trias of 
Austria, ExociElmdes and Chirothrim (Fi^. 75) of the Upper Cre¬ 
taceous of Ml Lebanon, Syria. The last mentioned is of particu¬ 
lar intetest on account of tJie huge alse of the pectoral which 
$eeru to imply powers of flight 
fully equal to those of the living 
Exoc^tua and Dacitfloptmis. Wo 
have therefore among fishes no 
fewer than ten separate adapta¬ 
tions to aerial conditions^ one or 
two^ possibly three of which aj>- 
proacb ver>' near to, if they have 
not attained, true flight. 

Amphibia.—The only volant 
adaptation among amphibia is 
that of the tree-frog, Rhacopkoru^ 

(Fig, 76), whose webbed feet 
sustain it in the prolonged leaps to which it is addicted. This 
genus includf^ a large number of species in the Oriental realuip 
especially in Borneo. The digits terminate in adheidve pads^ in 
coinmon with those of other tree-frogs, and are connected by web¬ 
like expansions of the skm. There are also rudiments of patagia in 
front of and behind the arms. In Rhacoph^us pardulis the total alar 

expanse is about three 
square inebeSj which 
would imply rather 
feeble gliding powers. 

Eeptilia.— Lizards 
include at least two gen¬ 
era and several species 
of gliding forms, 
which the most 
markable is the fly _ 
Fto. 77.—Lbonl, jragon^ Draco, already 

(After Duntdril and BihrC<ir from Lull.) , . oia 

referred to (page 315, 

Fig- 69), in which the patagium is supported by a number of ex¬ 
tended riba. They occur principally in the Malay Peninsula and 
Archipelago and average some eight to ten Inches in length. 
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Plijchozom (Fig. 77) is tho flying or fringed gecko of the Malay 
countries, which La bedecked ^ith lateral expansions of akin along 
the sides of the neck, body^ tail* and limbs, and between the toea. 
While these may aid in breaking the creat ure^a fall, they may alsOj 
coupled with the color^ sen'e a eiyptic function and render the 
animal less eonspicuoma f^ainst the bark of the tree upon which 
it rests. 

Several so-called flying snakes are recorded, such a$ Chry^pelaa^ 
tile flying snake of Borneo, which descends obliquely through the 
air, its body rigid, and the ventral side concave to sustain the crea¬ 
ture in its fall. 

The pterodactyls or flying dragons of the M^Koie w^ere a very 
remarkable group of reptilea whose first recorded appearance 



is in rocks of the Rhsetic or uppermost Triassic period. They 
range through the Juraftsio and on into the Upper Cretaceoue, when 
they become extinct through racial death. They were undoubtedly 
akin to the birds, but that simply meaiii^, in all probahUity, deriva¬ 
tion from a common, possibly Permian anee^ry'; nevertheless the 
two groups show a number of highly comparable, homoplastic 
characters, some of which have already been referred to. Tbe re¬ 
markable thing is that, like the turtles, they first appear fuUy 
developed and characteristic of their order, with no record thus far 
discovered of their antecedent evolution, and the subsequent 
changes are ma i nl y mcrease in size, perfection of the shoulder girdle 
articulation (sec page 321) and loss of tail and of teeth. In size 
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they range from that of a sparrow to the ruightiest of nature's 
airplanes, for the replica of the late Cretaceous Fteranodm (see 
Fig. 79) mounted at Yale measures 13 feet G inches in alar expaniie 
and Eaton is authority for the statement that at least one indi- 
vidualj judging from the relative proportion^ of the bones which 
have been preserved, had an estimated breadth of 2G feet 9 inches 
from tip to tip. The pterodactyb possessed true flighty which 
in those from the Kansas chalk must have been sustained^ as their 
remaias are found in associatioil with marine reptiles, fishesp and 
invertebrates, apparently fax from the ancient shore. Three of 
the principal horizons whence these pterodactyls eomCp the Lias 
of Ljinc Rei^ of England, the lithographic limestone {Upper 
Jurassic) of Bavaria, and the Kansas chalk, are all marine in 
origin, which is abo true of the source of the Mesozoic birdSn It 



Fia. T9.™Fteroibct_vl, tAfter LuiL) 


is highly probable therefore that iii each instance we have not as 
yet knowledge of the great bulk of the group, but only of a few of 
aberrant habits and adaptation. 

Birds.—The birds in all probability include but a single evolu¬ 
tion to aerial life, although certain excellent authoritiea "believe 
more or less firmly that possibly liirds had not one, but two points 
of origin, and feel that if we could follow back tbeir lines of descent 
we should find that the ostriches came from one and the birds of 
Bight from another'^ (Lucas). Tf this be tnie, the ratitc or ostrich 
group as aw^hole, with a single exception {tinamou), have degener¬ 
ated and lost the power of flight, although an examination of the 
skull and skeleton shows them to have been descended from fi>dng 
normal birds; whereas in the carinate or flying birds loss of Bightj 
while it has occurred (flightless railj penguin, dodo, etc.)^ rel¬ 
atively extremely rare. Flightlcs.^ pterosaurs and bats, on the other 
hand, are inconceivable! as their flight mechanism involves the 
hind limbs which havcj a consequence, largely lost their ter¬ 
restrial locomotion function; w'heteas birds, being double adapted- 
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can lose their flying' powers and still progress easily oa thij gTOimd 
Or in the water, as their legs are not thus involved. 

Birds hrat appear in time in the Upper Jurassic (Solenhofen 
limestone) long after the initial record of the pterodactyls. These 
first, birds, of w-hich but two or three spedmena have been re¬ 
covered, are known as Arckieopieryz and ATcheomis (see Pig. 30 




Fic. 80 —Reptilian bird, jl«A*<j|rferjrr (A), compared with pieron, Columfio- 
linVi (B). (After LuU.) 


and Pi. XnO and are so reptile-like that were it not for the pre¬ 
served feathers it is doubtful whether they could be surely proved 
to liave been birds. The reptilian traits are teeth, free clawed fin¬ 
gers in the hand, feeble breast-bone, abdominal ribs, etc. For a 
discussion of the origin of birds, see Chapter XXXI. 

The pcifeetion of aerial adaptation among birds is superlative, 
as records will show compared with those attained by the man- 
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evolved airplane. With regard to speed, the record is held by a 
house-iiwallow (Chelidon urhica) wliich flew from Ghent to Ant- 
werpj a distanee of 32 miles, in 12^ nimutes^ an average speed of 
153 miles an hour. Some bird speeds as compared with those of 
airplanes are given as follow’s, the figures being in per hour: 
white storks at 4200 feet altitiidej 48 ; mallarch 50;rookj45;ganiiet, 
48; geese, 55; lapwing', 40 to 45; golden plover pursued, 60. Swifts 
{Apusi apus) at 6{X)0 feet above ^^iosul easily pas^?ed and circled 
an airplane doing 6S miJes^ and a lammcrgeier made 1 iO while nose¬ 
diving to escape a plane. For distance^ the record m held by an 
albatross in the Browm University Museum, which flew 3150 niilea 
in 12 days —probably more^ as it. rarely flies in a straight line. The 
w eight of this bird w'as 13 pounds, wing spread 11 feet 6 inches^ 
area 7 square feet. As regards heightj the great \nilture rises from 
7000 to 15,000 feet and HuniljqldE, a ver>' accurate observer^ saw’ 
a condor hovering above Mt.. ChimborazO;, whose summit soars 
20,498 feet into the blue. 

Manunals,—*Vinoiig the maninmLs there are upward of thirteen 
separate volant adaptations, one of which, that of the bats, at^* 
tained the power of true flight. Among the flying forms the first 
to be menticjned are the marmpiai^t of which the flying phalangers 
include several unrelated species: spp., P^Uiumde^ vQlan$f 

and .Icrotnto These are characterized alike by having 

a well developed skin fold along the aides of the body between fore 
and hind limbs, and a feebly developed one in front of the fore leg. 
In each genus the dying fonn is espccialJy related to a separate type 
of don-fljing phalanger. 

In Petauroides the dying membrane extends from wrist to ankle, 
but is very narrow along the distal isegment of each limb. The tail 
is very bushy except for its prehensile tip, which is naked on the 
under side. The tail, together with the long fur of the body, must 
supplement to a considerable exient the buoyancy of the pata- 
gium. This geuus^ w ith its single species, includeii the so-eaUed 
Taguan fljring phalanger found in Australia from Queensland to 
Victoria. 

(see Fig. 81) has a much broader patagium and there 
is a naked prepatagium as W'olh The tail is very' large and bushy, 
but lacks the naked prehensile tip of the preceding form. Tliere are 
three species of this genus, ranging over New* Gumea and part of 
Australia. 
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The genus includes two small species of fiying phalan^ 

gers which have narrow patagia exteudiDg from the elbow to the 
knee along the flank. The long fringing hairs borne by the pata- 
giuin, together with those on either aide of the taU, aid materially 
m flight. Acrotafes is found in New South Wales, Queens- 

landj and Victoria, while a second 
specicsj A . is a native of 

Papua- 

'I'wo famUlea of rodenis contain 
flying forms: the Anomaluridffit hi- 
eluding the genus AmnuiluniAf and 
the Sciuricte, of which three genera^ 
PteromySf SciuTOpterus, and 
taunts, are volant. AnQuialums has 
a well developed patagluni extend* 
ing from wrigt to ankle but narrow¬ 
ing in front of the leg from the 
knee down. As a compensation, how¬ 
ever, there is an mterfemoral mem¬ 
brane from the heel to slightly be¬ 
yond the base of the taih The genua 
includes six flying species, all found 
in Africa. 

Pteroniys has a highly developed 
patagium extending as far as the 
digits. There are also prepatagia and 
an mterfemoral membranej and the 

The genu, i, found In 

(After Ltill) wooded districts of tropicaJ 

southesstom Asis, ifspau, and somo 
of tbe MslssisD Islsoda, and ia said to soar through a distance 
of nearly SO yards. 



SnuroptcTus fFig. 82) has no mterfemoral membrane, but has a 
much better developed tail than Pkromyi as a compensation. This 
wide hairy tail is further supplemented by the hairy fringe ou the 
patagium and along the rear of the thighs, and they give coUeotively 
a broad supporting area. While members of this genus are smaller 
than those of PUtvmys, their geographical range is much greaterj 
as it includes the nortbera part of the North American and EuiSr 
sian continents, and India. 
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Eupeiannts is of especial interest in that It Is not arboreal but 
rock- and precipice-climbLDg. It Lahabits the high elevationB of 
northwestern Kashmir. 

Among the In^ecHmrUt Gidej>pithe€ii8 (Fig. 70) ^ the sole rep¬ 
resentative of the suborder Dermoptera, stands alone in its adapta^ 


Fia. S2.^F!yiiig sqmrml, Sciuroptems (Mter 

tion^ for it exhibits the highest degree of action of any of tho 
Mammalia except the bats, and while not of course ancestral to 
the latter, it is evidently derived from a common stock and gives 
a very clear idea of the manner in which the evolution of the bats 
w“as aecompliBhed. In this genus the patagium reaches its highest 
development^ as it extends from the rear of the head along the 
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front of the arm (prepatagium)^ between the dngem to the base of 
the claws, between the fore and hind limb, webbing the toes as well 
as the fingers, and between the Iiind Umba and the tail (interfemoral 
Tncmbmne), LncludLiig the entire length of the latter organ as m 
the insectivorous hats (Microcheiroptem), The musculature and 
innervation of the patagium resemble those of the hats and differ 
decidedly from those of all other volant mammalsr The hand la 
much larger than the foot, but the fingers show no trace of elonga¬ 
tion. If they did the entire creature would be still mojne bat-like. 
As it is, the brain is mid way in its dcvelopinent between that of a 
typical insectivore and that of a hat^ and the alLinentary canal ia 
also bat-like except far an elongated colon or large intestine, which 
In the bats and birds is veiy short, 

GakopUhecus is noctumal, as are most volant mammals, resting 
suspended, head down, from a branch. Its soaring powers are very 




great, for Wallace tells us of a record of 70 yards with a descent of 
not more than 35 or 40 feet^ or less than one in five. The genus 
bcludes two specleij^ Cak^^pilhs^ volana, from the Malay Fcnln- 
suLa, Sumatra, and Borneo, and G. pkitippinen^j which inhabita 
tho Philippine Islands. 






Platu. I. — PoiTicfftic wielies of I, ifviU rm^ dovep 

fed ^ncestml fnitn^ 2, hoaniu^ 3p ccmundfi inn4i|[]Tl; 

4^ urehanKcI; fi, tumbTer; 6, Ixtld-hei^^ bimbfer; 7, barb; 8, pootcr; 
D, Ruh^iii] truinpioter; 10, faii^sm^bw; Upyiitk-wiiigied^rmjJjQw; 12, 
ffijitail; 13, rarner; 14^ IS, btuelt^; bird l^etnwi H and 15; a taited 
turbit. t^xhiblL jQ the United SUUi^ NaLicnud ^luwiMii. (Counc^yof 

tbi&t instltutioDr) 


































Platk II J,—{Skeletons of man, wpims. Ami rearing horae, Equ^^bni^ 

Im, toslioK' mrttdpondcnre of Ijonea, abo Joes of boties, di^ts, eto,, in iho 
Mount^^ skoktona in the Amerioin Museum of Nettirai JiiJrtort". (Courier of 
P^fessor OsbjomO 






Platk IV'—A, Kinnl in 

thndf^-rt west at Zapr^tHkn, Puebla, Mnjiim. B, cartua forma 
ut Utfud of &1IS Jimn Ryan Ifcarmnea, P^jtbla. Mc-xieu. {Hiofo- 
graph-H hy Pmfet^jr CIuuIlv ypL-hucbcrt.) 
















V^—Ik-rt^ovkn mainniothp Afdiinfnntilrrjff diKm[VL>Tc?c| frn®en id 

Urn soil. iSjM?c:iiiii!n iw i( now ap|x^«irM in rx'nlnf^i. 








Plate VJ^-- tirpkiinJ Rtathp PFeiH^oeene, New M^Kieo. Skeleton with por- 

ttong cif likicr claws, ofce., adti&rlii^. Spct^Jmi^n in the YrIc PctfllKid^ Muwumr 




Plati: vn — cycad trunk, Cjf&uie&idea^perUi, from the I^wer 
Crefiieeoiis (Lrakota) of the Ijlnek Hifls, Etakote. B, sectioEi nf 

u fotisiJ cyaut C. sliowidR tnoteruJar stnit^hins, histometwjMwbi; 

a yoimi! UElileve^lopDll fmfiil, sJiDwing the vascular biindliiifl- Specinienij 
in tlfce Va(p ITnivemity 










Fl^te VIJJ. Fompcijm dog. Elnstor cast ffDitii u DEtural niauld. 










PLATii IX,—Skdi.^ton of ibo ramtvftmui^ [HiiimLir, TtfrnunfmuruM rex, niountcd in the 

Amcriciui Mim^uni uf Natontl History. (Cciiirtcay ut Pmfiiwinr Ofllwjm,) 

















IYate X.— nf the airnrvoroLUi ilintjeuiirp AUomfirm mounti'^cl in tlie AmehV 

f'Kn MiJJM^uin of NjaHu^I HLtkiry, Tbe creature is repifftstinlfsl aj^ preying upon theeuruu^ofcine 
flf ihe (?orttemponio'®*^^P<>dB, (Courts of Professor Oslxini.) 








Nutiiiml (Cuurtwiy di ProfcHMsr O^ljonir) 

































Pl.atk \l]\. —Rkek'toji of iho AriisrireJ dLiioMiiur+*5ile^p?iHidn^JT Upp^rdiiEti-^it^ (Mf^rriw>n) of Wyomiiip^^ 

niHHinicM] in ihc VjiIv Pc4ibiidy Mu^unu 










Platpl XIV —The cailiGsjt known Ijjnl, Arch^njmU, ^tom the Vpi^ 
Junusde oi liiivaria. CRestumtitHi by HRiilmann.> 





Plate XV.—Skcteton* of //wjwwrn'#, a diving b> ni fw m 

the Crctnettnio (Ni<*«ru) of Kansas- Ktandiog 
MvnTtming, II. cnnsipw- Mounted akelelans in Ihu \bIc Lnivwsity 

Muhcuiq. 




























Plate XVl.-^Twth nrn camiv'- 
oroiiw riinc«te»ir, All^una.\ Aimi 
the entijTE jjiw of a <vtiteiiijX 3 mry 
iniiizini4i], lyicrtic^adffn, founci ii| 
amcHriAtinii in the surne Qiiaurv'., 
JuniKqrof Corno BJnlf, A^ynnitni^. 
Bo«h nutural 

8pcdnt«w ui the VaJe Uiijveraitv 
MiUKium. 





pE„\tK XVI r.—tSkeScLon of tlie dog'llkc crwhuil, f}rQwociff»h mnix, Mirlclln Eocene, ( Uriilucr) Wyotiiing, Moniitod 

akottloti ill I he Yn]q t^nivcraity Museum- 
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Px^ATii XIX.—Skclcliiij 0! Hoj^phoncu^t Middlu South iXkkolB, a forftrkiDiicr of ih^j^mLC Kulier- 

tooth. Mounted in the .^rneriejin Mu^um of Njituml iJl^hsry. (Courtesy of ProfesMr Os]K*m.) 














Platk XX.—iikeletimof nrrj^:i-Er^, Flei.^orfnc, South .\nicripii. Note tlk« lof^s of one 

tlieKilurg. Mounted j^elcloD in ihfl Am^’rinan Nn^iimof Natiin*] Hiiit43r,VH (Courtesj'of ProfcawrOalmm^) 











Xjkkm, m tlic Lcjiidon Zoulp^cal Gjinlonn 








Plate XXTL—nSkpletoTi of foLir^LiiakoiJ 7'rihphfidcm Trim- 

fini^iET Mincener Afnca And l^uropc. Manni^ nk^titon in tbs 
jArdib dat PlLLiitua, (CoiirUs^y ol Proff3^r Ikuie.) 









Platc XXIII.—African (A, individma) itnd i^iatk (li) LlcphimLj, 
(Plu^tographa from the New York Zoutt^ad Sn^jcty.j 
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Plate XKV.^'^kcEeton from the Plcistoc'onc (appluill) of the 

Kunrho ]n Rrea, CnlifomiA. (Crjiirteay of Ihe Jxa Ansf^lra Miw^iirn,) 
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Bafioon, gtlada, Soutlum 

Ab>Mnui An in^Hv aniniiatrf ciuirature of s lion Ditmara 
t PhoUigmph from the i\ew Vwk SSuoloeical ^ooiety.) 






•late XX%'I1.— Gibbon, tar, Bouthtiutern 

{I*hinograpb fnam tbo Xw Vork Zofiiopiail Society.) 





















Pt*TE XXyr[I.-Oran«-y(«n 

tPhotogfiipli ffwn ihi! New Ynrt KocUogttiil «ocJety,) 













PuvTE XX\X. —Chimpanit*, Pan wcatcm &nd ecntml 

^IviatcriaL Afncs- (Pliotofiraph tttatn the New ’tork Zoulcigit^ 
Society.) 









Plate XXX.—Ciorilta^ Goriila ^[fMintcd q>coimfiii in ttc 

Ait]crii!sw MijgtMJin 0f Natiutil llist^try. 
















Pt„\Tli XXXI,— Ttcstoralioo of prttiistone men, after m«let* ^ W- 
Mcrii«eor A, Pilhteojiiiintpfi^ ereeius, the Aiw-man of 
the Piltdown «a«; C, 

D, llantoaapimUr the Cra-nmgnion man. (Courier of Professor McGrefor.I 
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knows very well that the attack will come and so she 
provides her islants with various different d-^fenses. The mo-t 
common weapon which she gi^^es them is the spine or thorn. x\U 
most evervthing that grows has it and its different foitna are many* 
They are all of them sharp as a needle and some of them have paw 
edg^cs that rip anytliing nith wliieh they eonie in contact- The 
grasse^;^ and those plants akin to them like the jmcca and the 
maguey, are often both saw-e<lgcd and spinc^pointed. All cacti 
have thorns, some stniight, some barbed like a harpooiij, some 
curved like a hook. There arc choUas that have a sheath covering 
the thorn^—a scabbard to the $word^—and when anything pushes 
against it the sheath Is left sticking in the wound. The different 
forms of the bisnaga are lit tie more than vegetable porcupines. 
They bristle with quilla or have liook-3ha[}ed thorns that catch 
and hold the intruder. The sahuaro has not so many spines, but 
they are so arranged that you can hardly strike the cylinder wit h* 
out striking the thorns." 

Of the chemical charaderiMics which serv e the plants for defense, 
tho first to assail one's senses is the strong aromatic character of 
desert vegetation. Both odors and tastes are very pronounced and 
may prevent the plant from being eaten just as the sptnesceticje 
docs, A notable inistance is the very chameteristlc sage brush of 
the western plains which no mammal will eat except the jack-rabbit 
and no bird except the sage hcop and the flesh of each is $o thor- 
oughlv impregnated by the sage that no human being will cat 
either of them if any other food is n^^aiLable, Neither the rabbit nor 
the chicken will eat the sage during their first summer and then t he 
flesh of each is most palatable. The grease wood is another disagre^ 
able tasting plant with sticky varnished leaves which nothing v^iU 
eat, and the aangre-de-dragon has a blood-red sap which is so pow¬ 
erfully astringent that the Indiana use it to cauterize bullet wounds. 

ThiL^, aside from being disagreeable to the taste and smeU, 
many pLanta are actually poisonouSp some cathartic, others emetic 
in their effects, while one, the loco weed (Aafnfifluftis Aomu) pra- 
ducesr aside from bmlUy alterations, s^miptoma in domc^ic stock 
comparable to insanity, hence the term “locoed" as applied to one 
mentally deranged (Span, hco, insane). Horses and cattle do not 
touch the loco plant for the first time voluntarily» but aa with 
many other fonns of narcotic, the habit accidentally acquired is 
almost impcMaiblc to break- 
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It would seem again as though these chemicftl characteristics 
were of great defenBive value, and doubtless they are; but niiether 
that is a sufficient emtae for their being what they are, or ivbether 
it is due to desert conditions regardless of the presence of devour¬ 
ing animats is not <)uite SO eJear. The aromatic character is so 
prevalent among desert plants, whether used as food or not, 
it leads one to (question whether or no defense is a prime cause in 
the evolution of this characteristic. The gazelle, one of the most 
admirably adapted of desert animals, is confined to tufts of wiry 
grass and a few dwarf and strongly scented aromatic herbs for food* 
That these agree with it is attested by the fact that the number of 
gazelles in some parts of the Arabian desert is extraordinary and 
vast herds have occasionally been met with. 

Another conception of the origin of the chemical characteristics 
of desert plants is that they arc merely a response to aridity- It 
is well knon-n that saline lakes are characteristic of arid climates, 
and to the geologist the presence of beds of salt or gypstim or other 
alkaline substances is indicative of desert conditions in bygone 
times. These salt lakes are thus described by^Pirsson: Part of the 
river B burden consists of various salts in solution and such salts 
are carrii^ by all streams, even if, in a given volume, the water 
appears so fresh that they can only be detected by chemical means. 
In o^inaiy rivers these salts are discharged into the sea, but in 
interior drainages (L e. such as end iq evaporation! since they 
cannot be dissipated by evaporation like the water, they must 
constantly accumulate at the point where the dminage ends, 

“If the river ends by dwindling, ita lower part finishes in a 
Btretch covered with salt depots, sometimes in wet seasons con¬ 
verted into a salt marsh or shallow salt lake, and known as asalina. 
Examples of these are found in the Tarim River which ends in the 
desert of Gobi in oential Asia, in the Desaguedero River which 
carries the drainage from Lake Titicaca in Bolivia, and in many 
other places. But if the end of the drainage system is a lake the 
latter is bound m time to become salt through the concentration 
of these substances, and such salt lakes are features of arid or 
desert regions in aU the continents.-' Examples are the Dead Sea 
in Palestine, Lakes Baikal and Balkash and the Aral Sea in Siberia 
and m North America the Great Salt Lake in Utah, Pyramid Lake 
and others in Nevada, and Mono Lake in California 
The idea has been expressed that the chemicals which impregnate 


DESERT AD.'^PTATIOK 


367 


desert plants may have aa analogous source—water more or less 
laden ivith these salts is drawn from below by the roots and, being 
dissipated ultimately into the air by evaporation, leaves the sub¬ 
stances behind aa a residue which maj'' in turn be elaborated by the 
plant into the characteristic aromatic or saline chemical, If this 
be true, it would account for these charactcriatics without invoking 
the need of defense, but one would expect to fiud, as in thoruy 
growths, a lessening of the chemical attributes as one passes from 
the arid to a more humid region. 

Animals,—Against phj'sical conditions the animal must find 
mcana of protection and the first of these conniitions is that of the 
tefniptrature e^remes so characteristic of arid climates, for while 
moisture in the atmosphere is transpareut to light, it is o-paque to 
heat* Hence where the air is laden with water—either diffused or 
in the form of clouds—not only does less solar heat penetrate to 
the ground during the day but less is radiated into space during 
the night. Therefore some of the highest temperatures recorded 
are not under the equator where it is humid but in northern 
Africa and in A^a Minor where diyncas prevails, Solimos in his 
DesCT-i Li/e informs us that the ‘“sand temperature one day marked 
14(i“ Fahr.—temperatures of 170'’ Fahr. were alao found near Jaffa, 
and Duveyrier found the Sahara one day over 182 Falironhcit. 
But these would proljably l>e sun temperatures. On other occa¬ 
sions he tells us 'Matches were lit by touching the sand with them. 
Blankets drawn over one another or even slightly shifted, blazed 
up like sheet lightning. The heat was 100“ Fahr. among clothes 
in a trunk, and lll“ Fahr. in the wind: combs, vulcanite, bone or 
horn, became brittle and useless,”' .4gain, the German traveler, 
Doctor Barth, after describing the great hot of the desert in south¬ 
ern Tripoli, mentioned that the guide of the Arab caravan ix^gged 
him to beware of the cold during the night, which he represented as 
very intense, and it is a fact well known to aU travelers tliat though 
the heat in the Sahara is often wrj- extreme by day, the nighta are 
Uniformly cold, when the hot wind docs not blow (iVladdeu). 

Thus the desert animal, unprovided as he is with additional 
garments, must seek out "the shadow of a great rock Lu a weary 
land’' by day or if none be available be must burrow and thus 
escape the extremes of heat and ooid, which might prove fatal. 

Defense against the ubiquitous sand is a prime need, for sand aa- 
pnilq three vulnerable portions of the creature's economy'“the ej'CS, 
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ears and nostrila. Desert ref stiles, amoog other marked adap¬ 
tations, have these ’^^tal organs protected as follows: "In the dig¬ 
ging species the tio3trib are directed upwards instead of forwards; in 
most, of the snakes they are protected by complicated valves, or 
they are reduced to small pinholes. The eyes of Typhlops [a bur¬ 
rowing desert snake] are overhung by the head-shields. In Agiinta 
and Fhryfiocephalus pii^ards] the inarg:iii3 of the lids are broadened 
into plates and are furnished with peculiar scales. In Teratosdneus 
the upper lid h enlarged- The lizard Mabuia has the lower lid en- 
largedj with a transparent- window in it, so that the eye can lie 
closed without iinpcdmg sights an arrangement carried to the 
extreme in [whose lower eyelid is transformed into 

a transparent cover, which is fused with the rim of the reduced 
upper lidj exactly as in the Lajcertine genus Ophiop^]. The ear- 
opening b either small, or protected by fringes of scales, or it is 
abolished^ c. g., m ” (Gadow). 

The camel agmn shows its desert adaptation in the large eyes, 
necessary for an animal which relies so much upon vision for 
security, but they are guarded by long, abundant eyelashes, and 
the lovd carriage of the head, seen also in the desert ostrich, 
brings the eyes im far as possible above the sand—nine feet in the 


caniek seven m the bird. 
This Ls also a response 
to the rellected heat of 
the blistering sand and 
rocks. The earners nos- 
trilg are capable of being 
closed like eyelids, and 
the apertures of the ears 
arc protected by hair. 



The saiga antelope 
{Saiga tartaric^, Figh 00) 
is a typical desert form 
found fossil { Pleistoeeuc) 
in England but now 
confined to eastern Eu- 


Fiq. eO.^S&iR^ antelope, Sai^a tarionaa^ 
{Aft^ Gcikie.) 


nope and wCAtcrn Asia. This peculiar beast has a large and 
much inflated nose, the two nostrib beijjR widely separated and 
very short and the narial apertures of the skull placed very far 
back like those of certain extinct types (such as the hnrae //in- 
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puii&n, see Fig. 232J. '^I'his whole device is for the exclusion of 
sand fTom the breathing apparatus while the animal is grazing. 

Colomtion is the fiist and perliaps the most conspicuous of the 
adiiplations which furnish protection affOi/isJ olher aHiwiflfo. No 
greeos am? $eeD among dissert cr^^atuxes, but they arc generally 
sjTiipathetically tinted—gray, brown, or rod, hanuonising with the 
color of the sand or rock. Sometimes the Banie species will sliow 
double color adaptation to suit local conditions. Thus the gazeUe, 
Madden tella us, “furnishes a conspicuous and very Ijcautiful 
example, so closely do tiieir coats resemble the general coloring of 
the landscape [w-hitc on sand, dark grey on volcanic rock] that in 
the distance, and when at rest, it is scarcely possible to distinguish 
them from the surrounding sand and stones.’ \an Dyke sajs of 
the coyote: “He is cunning enough to know . , . that you cannot 
see him on a desert background as long as he does not move, so ho 
sits still at times for many minutes, watching you from some little 
knoll. As long as he is motionless your eyes pass over him as a 
[latch of sand or a weathered rook." 

Warning coloration is often seen in the desert, and as a rule it is 
not merely the mimicry of a dangerous form but the actual livery 
of one which should not be molested if the assailant would escape 
unscathed, for venomoiLS spiders and insects and reptiles arc com¬ 
mon. Hem for instance is found the conspicuous yellow and black 
Gila monster, the only lizard with poison fangs; and conspicuously 
marked wasps, wbde not, perhaps, actually dangerous to humanity, 
am to the creatures with whlrh they compete. 

Hard surface and spinescence are as characteristic of desert in¬ 
sects and some reptiles as they are of desert plants. The moloch 
(Fig. 91) with the thirety skin which has been described is covered 
with thomdike scales, and the homed toad is a conspicuous Amer¬ 
ican instance of spinescence. Here, as with the plants, the spines- 
ccnce loses its intensity of development as one passes into the more 
humid r^oEs, for while in the homed toads of the Southwest the 
horns at the back of the head are long and prominent, in those of 
Wyoming and Ncbniaka they are much less conspicuous. 

Venom has already been refemed to as a desert attribute. 
Dyke again sums the matter up most admirably, although he 
speaks of more than the reptiles with which he introduces his re¬ 
mark. He says of them: 

“They are given the most deadly weapon of defense Of all— 
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poisoD. Almost all of the reptiles have poison about them In fang 
or sting. We are accustomed to label them ‘poisonous' or 'not 
poisonous/ as they kill or do not kill a humao being; but that is not 
the proper critorion by which to judge. The bite of the trapnloor 
spider vnU not seriously affect a man, but it will kill a Jiaard in a 
few minutes. In proportion to his size the common red ant of the 
desert is more poisonous than the rattitwnake. It is reitemted with 
much positiveness that a swarm of these ants have been known 
to kill men. Tiiere ie, however, only one reptile on the desert that 
humanity need greatly fear on account of his poison and that is the 
rattlesnake. . , , rhe rattle is indescribable, but a person will 
know it the first time he hears it. It is something between a buzz 
and a burr, and can cause a cold perspiration in a minute fraction 



Fig. Ol.^piny luarj, MaUxh homdM, (.4fier GmIow.) 


of time. . . Every animal on the desert knoa^ just how ven^ 
mous IS that ^ison. Even your dog knows it by instinct. He may 
ah^e and bl] garter-snak«i, but he will not touch the rattlesnake. 

All of the spider faniily are poisonous and you can find alraoet 
every one of them on the desert. The most shari>witted of the 
family IS the traj^ioor spider-fhc name coming from the door 
and fastens over the entrance of his hole in the 
peund The tarantula is simply an overgrown spider, very heavy 
in weight, and melined to be slow and stupid in action. He is a 

ugl 3 aouDd ^d IS d^ly enough to small animals. The scorpion 
^ the reputatiori of being very venomous; but his sting on the 
amounts to little more than that of an ordinary w^p. Nor 
long-bodicd, mnny-lcgged, rather graceful centipede sS great 
a poison-carrier as has been alleged. They are alj of them po^n- 
ou3j but in var>'ing degm?^is,” ^ 
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The ftkunk of the Southwest is greatly feared by the natives aa 
its bite is supposed to produce skunk hydrophobia. In reality, 
boivever, it is blood-poisoning tliat results froin the bito, for the 
skunk feeds on carrion and its teeth, defiled with the remains of its 
last meal, inject some of the putrescent material into the wound 
caused by its bite. It is probable that in iiiany of the desert crea¬ 
tures the dangerous reputation is altogether undeserved. The 
native cook of a certain Yale expedition to the Southwest liad the 
entire personnel in terror of its life from the only arachnid which 
does possess poison 

speed, as we have seen, is a characteriatic of the dwellers in 
arid climates, for they have to travel far and wide for f^ and 
drink or to pursue or evade pursuit as the case may be. I here is 
BO little cover and the creature in motion can be seen so far that 
speed becomes a prime requisite in many unrelated types. R any 
of the li!»rds arc so swift that the eye loses sight of them as they 
dart from rock to rock, and some run on the hind limba for greater 
rapidity. Some birds, a» the ostrich or the road runner or chapa> 
ral cock of the Southwest, are noted for their speed. The ga^lle. 
wild ass, and camel again are great travelers, while a desert jack- 
rabbit finds his match only in a greyhound—an ordinary wolf or 
coyote will not attempt to chase him, for they realiae the hope es^ 
ness of it. The western antelope, Aithfocapre, even with a lunb 
shot from under him, has been known to outdistance a horse, and 
with all four limbs the run is so easy and so deceptive that a gunner 
almost always underestimates the speed and pbcea his bullet 
behind the fleeting game. Even the domestic cattle on the western 
ranges have an ease and speed in running which is a revelation to 


an cnaterner. 

Thia speed shows itself in the slender form, long limbs, and otten 
in the sand-adapted feet of the desert wayfarer. Those of the 
camel, with the broad, yielding pml and secondary' retrogression 
from imguligrade to digitlgrade, are splendidly fitted to the yield¬ 
ing sands. Of the desert lizards, JJremios has very large crural 
(shank) shields; Scapkira has the digits broadened out into 
shovels; others, e. g., Phn/nocephaliis and rcrotosaFiiiiS, have 
long lateral fringes on the digits, a ve^ rare i^rangmient 
among geckoes, occurring elsewhere among them 
pwt and Stenodacliflus, which are likewise inhabitants of the desert 

(Gadow). 
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The senses of sight, hcHriiig, nod sniell are highly dfivelopod as 
contrasted viith those iu forest-dwelling forms, for instance, whose 
vision is notoriously dull even though licaiing and smcU inny be 
acute enough. Sometimes about all one can sec of a desert rabbit, 
frozen into immobilily through fright, are the large, clear, watchful 
eyes which never seem to close. 

Intelligence is alsw a desert desideratum, especially among 
defenseless, that is, non-venomous forms, for the Gila monster 
Eeems to be superlatively stupid vvtiile the others must match 
their wits as well as length of limb if they would survive. 

As we sliall see in later chapters, the wide-spread desert and 
semi-desert conditions which have occurred from time to time in 
the geologic past have been of prime importance aa evolutionary 
stiuiuli, and have given rise to some of the most momentous 
changes in organic life. 


Colonial Life 


The plant life of the desert is not evenly spread as in humid re¬ 
gions. but is in scattered, discontinuous colonies with long stretches 
of verdurelcss sand in between. Moreover, these comimmitics are 
composed of several species, not only of one, for while the intcr- 
spcciGc struggle in the desert is intense, that against a relentless 
physical environment is more so, so that cooperation bwomea 
of greater moment than exclusive aelfnadvanecment McGee says- 
“The ^-arioua plants of the [Seri] district, including those of the 
distinctive types, are communal or commensal, both among them¬ 
selves and with animals, to a remarkable degree; for their ™mmoQ 
strife against the hard physical environment has forced thorn into 
cooperation for mutual support. The tufts or clusters in which 
the vegetation is arranged express the solidarity of life in tJie 
province; commonly each duster Ls a vital colony, made up of 
plants of various genera and orders; and forming a home for 
animal life also of different genera and orders; and altbouah 
measurably inimical, these various organisms are so far inter 
dependent that none could survive without the cooperation of 
tlie others.' 


The ongm of the coumnoities hss been iveU drummed up by 
Van Dyke: Mesquite springs up on the plain, birds nest in the 
branches, drop seeds of cacti some of which like vines cannot sland 
alone, aromturo of cacti and mesquite combine for protection 
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Windblown grass seeds lod^Q ubout the roots and gra^ca j^row 
fijid seed beneath the shelter of the branches. Small mammals 
seek some protection and dig holes among the roots^ luaking chan¬ 
nels for rain and fertilkiiig the spot ^i.th rejectamenta. Annual 
and semi-annual plants take root in the sheltered and fertilized soil 
beneaili the cacti and niesquit c and in season the place becomes a 
miniature garden of foliage and bloomagc. Then eomo certain 
ants for seeds, flics and wasps for nectar, and birds nest in the 
branches. Such crommunities dot the va^t plainSp Intennodlato 
stretches are practically lifeless," 

Origin of Desert Life 

The desert floras are all local adaptations of migrants from more 
bnmid region!^, except the cacti and torotes, which seem to be the 
products of aridity, since neither is represented in the flora of humid 
regions. Of the animsJsp all are forms whose range is greater than 
the desert limitations; nevertheless some of themt like the cameb, 
are so perfect and anelent an adaptation to desert life that when, 
during the Miocene, we find the first indications of retrogression 
of the feet (see Chapter XXXVII) we can safely infer the beginning 
of aridity if we had no other evidence. A few animals arc desert- 
adaptedp othem may be merely temporary^ migrants desert ward, 
returning to more salubrious placed from time to time. Many of 
these latter creatures go to the desert during its periods of fertility 
and the numbers of species which have been noticed as occasional 
visitor is very lai^e; but as the w^atera diy up and the vegetation 
begins to wither, these take their departure in common with the 
desert nomads and their flocks; of whom a regular exodus then 
begins (Madden), 

Summary 

The modjflcatlons of desert animals and plants, while In many 
instances wonderful in their detail and of the utmo^ importance 
in the struggle for exiatence, arc largely, as in the cave^ the result 
of response to unfavorable conditions—not of course to darknesif, fio 
that degeneracy other than the loss of leaves rarely occurs, but to 
the nature of the soil, to extremes of temperature, and to thirst 
and hunger. The fact that so many of the seeming desert char¬ 
acteristics lose their extreme of development as aridity dimin¬ 
ishes is evidence for this^ The plant adjuata Itself to, the animal 
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flies from, and tho man modifl^ the desert conclitions^foi- a titot^— 
but all the intelligence and engineering science he has brought 
into the combat only prevail for a whiles as the ruins of ancient 
cities la central and western Asia attest. For man's conquest of 
the desert is like his so-called command of the sea—w^hicb tolerates 
him and his mightiest creations durii^ her more complacent moods^ 
then storm and ice and fog combine and the proud fabric which he 
boastfully calls Titanu^ perishes. Man for a brief apace may dom¬ 
inate the desert, but sooner or later the desert will claim its own. 
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SECTIONS. PALEONTOLOGY 
CILVPTER XXV 

FOSSILS: THEIR NATURE AND INTERPRETATION 

The term fossil is thus defined in the Emyclop^ia BriUinnica: 

(L. fossiUsj from /orfere, to dig up.) Since the time of Lainjirck 
reserved to i delude only the remains or traces of plants and animals^ 
preserved in any natural forniation whether hard rock or superficial 
deposit, not only petrified structures of organL^^ but whatever 
was directly connected with or produced by these otgaiiLsins.'" 

In general, the idea of antiquity is associated with our conception 
of a fossil p aa for idstauce id that of Barnard, whose defi^nition 
reads: "The retdain^ of animala and planta which have existed on 
the earth in epochs anterior to the present and which are buried 
in the earth.'^ By Geikie, however, the idea of antiquity is not 
necessarily includedj for hU notion of the term embraces ^-the 
bones of a sheep buried Udder gravel and silt by A modem flood*” 
ae well as “the obscure ciyatalliae trace of a coral in ancient 
masses of limestone. ” The idea of biuiaL, however, by some natural 
agency* either by water- or wdnd-borpe sedimeuta or by being en« 
gulfed in bog or quicksand* is always implied. 

Nattjue of Fossils 

To many the term fossil implies a petrifaction—literally a turn¬ 
ing to stone—and vrhile ia many Instances the gradual addition to 
or replacement of the organic materia! by some mineral substance 
has occurred* that is not always the ease, so the student has come 
to recognize several sorts of fossils and to group them under the 
following heads. 

Actual Preservatioii Intact.—In nature's cold storage ware¬ 
house, notably in the arctic tundras of Siberia, frozen either in the 
paieocrystic ice or in the soil itself* are found animal remains with 
more or less of the originai substance intact. How many such re¬ 
mains have been found is doubtless unrecorded, as they were in 
more than one instance swept away b 3 '' the waters as the ice broke 
up or wcare devoured by dogs and w^olves* possibly by the natives 
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themselves though the latter regard such objects with supersti^ 
tious terror. Of the two most mmarkable of these spccimcDs the 
hrst was found frozen m clear ice in the Lena delta in 1799 and 
secured ui ISOG^ and the skeleton, now mounted in the museum of 
the Leningrad Academy, has remains of the hide still adhering to 
the skull and feet, A century later;, hi 1901, the second speci¬ 
men (see PL V) was found at Bcrcsovka, Siberia^ SOO miles- west 
of Bering Strait and 60 nule^ north of the Arctic Circle, This crea¬ 
ture e’t'idently slipped into a natural pitfall of some sort, possibly 
an ice crevasse covered ’ivith soU and vegetation. A fractured hip 
and fore limbj, a great mass of clotted blood in the chesty and un- 
swallowed food between the clenched teeth all point to the violence 
and suddenness of its pas:»ng. Almost ail of the animaJ was pre¬ 
served, though the hair of the hack bad disappeared and the trunk 
had been eaten off by dogs before the apecimen was discovered. The 
mounted skin in the posture in which it was found, inith the skele¬ 
ton in vvalking attitude beside It^ together with various soft parts 
preserved in spirits^ are also to be sseen in the Leningrad Museum. 

Remains of mammoths have likewise been found in Alaska^ but 
thus far no even approsiiiiatdy complete specimens have been 
secured. 

The woolly rhinoceros (Rhinoceros ticharhinm) has also been 
found frozen in the ice, but the greater part of the carcass was 
swept away by the winter and irrevocably lost. Skulls, however, 
have often been foundj, some still more or less covered by the :skin. 

Another though rare means of preserval of the approxunately 
complete animal was shown by the discovery' in 1007 of the remains 
of a prehUtoric rhinoceros, unearthed at Bohorodessany in eastern 
Galicia, Poland, Here are extensive oil and wax mines near which 
the creature was found at the depth of about six feet below the 
surface. Tlie head, nasal hom^ one of the fore legs, and a brge 
portion of the skin had been presented in the oil-impregnated soil. 
We are told that a nearly complete mammoth had been found 
previously in the same place. 

The Yale Peabody Museum contains a remarkable specimen 
of a ground sloth, Nothrothenum, of which the skeleton b still 
held in articulation by the original tendons and sine^vs. Several 
patches of hide are also preserved, one of which is clothed with 
long yellow hair. This creature was found in a volcanic vent 
in New ^lexico and waa buried in accumubted bat guano which 
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aided in preserving it. Doubtless tlie skin would be largely com¬ 
plete had it not been devoured by rodents* the marks of whc^ 
teeth are still visible. (See PI. VI.) 

Another means of pre^rvation of the animal is in amber* a 
fossil redn from pineSp especially Pkea siasci’m/era. These resms* 
which when fir$t exuded are suffidently soft to engulf a fragile 



Fio. a2.—lasecta pre^rved in smbcr. A, hug; B, aphid; Q caddice-fly; 
may-fly. t After Neumaj-wd 

insect, later through the evaporation of the more volatile portions 
become hardened and finally change to amber without the slightest 
injury to the most deUcate details of insect anatomy. About two 
thousand speclesj chiefly of insectSp but also of crustaceans and 
spiders^ are thus preserved in these Oligocene ambersp as well as 
over one hundred species of dict^tyledonous plants. The s<>-calted 
“Baltic amber"' deposits are found about Kdmg?sbergp along the 
Baltic coast of Samland, Germany (see Fig. 92). 
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Petrifaction.—As a rule, however, when more or less of the origi-' 
nal material b preserveci. It has undei^ne a certain mineralizatioQ 
to whieb the term pfirifadioix La ajjplied. Naturally the degree of 
mineralization varios, but is usually greater the older the fossil 
in time. The parts thus preseri’ed are ahuost invariably woody 
tissue or the lianl parts of the animal's anatomy—bones, teeth, or 
shell. Petrifaction implies uiterstitial addition or an extremely 
gradiwl replacement, molecule for uioleeule, as the original sub¬ 
stance is lost through dbiutegration- The resultant fossil retains, 
therefore, not only the external form but the histologic characters 
{hi^ometabask^ Gr. tissue, and exchange) of the 

original structure os well. Next to the rare preservals by cold 
Or amber, the petrifaction is the most valuable in recompense for 
careful study. The elabomto exposition of the structure of the 
fossil cycads by Wieland is based upon this type of preservation, 
for while in almost every instance in a very large series of 
specimens the trunk only is preserved, it has been possible by 
drilling out a cylindrical portion where the buds occur and by 
cutting it into thin microsections in several planes to recon¬ 
struct with entire accuracy the foll^e and floviere of the plant 
(see PL VH). 

While histometabasis usuaDy occure with plant tissues, the 
more perishable soft parts of the vertebrates are, however, occa- 
monally presen’ed. In one striking instance described by Bash< 
ford Dean the muscle tibere and kidney structure arc in a rta t? 
of admirable conservation in an ancient Devonian shark (Cfo- 
doseUuhe) from the Cleveland shale of Ohio, Microsections of the 
muscle tissue magnitied one thousand diameteia show very clearly 
not only the clean-cut character of the individual muscle hbers, 
but the cross stnation of the skeletal muscles, and in one or tvvo 
places the delicate membranous sheath or sarcolomma by which 
the fibers were encLosed. 

The replacing Eubstancesi may be uou pyrites, iron oxide, sul¬ 
phur, malachite, magnesite, silica, or carbon. Woody tissue^ the 
limy shells of mollngcs and the caiearcouB skeletons of corals and 
certain sponges are apt to be replaced by siUca, pving in some 
instances a perfect replica of the original in fonn, though not in 
minute structure, in a totally different substance, thus forming 
what is technically called a pseudojmorph (sec Fig. 93). There is 
evidence that certoia he-sactindlid sponges the original substance 
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of which was silica have been itplaced by limej the reverse of what 
may happen in the caJc^JWua types. 

As time go^i$ on, the molecules of the mincmUziog subatance tend 
to rearrange themselves according to the of crystalbgniphyj 
so that first the minute stnicture becomcis unpaired, the e^cternal 
form modified and obficured^ and ultimately 
after an inconceivable lapse of time all trace of 
the organic original may be lost. 

Natural Moulds and Casts.—Another group 
of fossils are the natural moulds in ivhich neither 
the material Dor the minute structure is pre- 
aerv'c^l. These are fonned by the hardening of 
the surrounding material m which the organisfn 
was buriedj followed by the decay and subse¬ 
quent removal of the organic material by per-^ 
colating waters, thus leaving a cavity which re¬ 
tains the exact form of the original. In Pompeii, 
which may in a sense be considered a fossil eity^ 
at least two thousand people perished in the 
eniption of A'esuvius la 79 a. d* The city was 
covered to a depth of many feet by volcanic ash, finely divided 
rock which drifted in through the various openings of the houses 
and buried man and beast as well as the result of man^a handi¬ 
work. At first when human remains were discovered^ tbe bones 
were merely dug out and thus preserved; kter it was found that 
if the ca^nty wherein they lay were filled with liquid plaster of 
paris the latter would, when hardened, give an admirable replica 
of the form and features of the ’Victim. The remains of several 
people, men and women, European and Ethiopian, have been thus 
reproduced, together with a dog (see Pi. \T1I) and the vanished 
doors and wooden portions of the household furniture. 

Some of the fossil vertebrates of the Connecticut valleyj which 
antedate those of Pompeii by millions of years, have lost all trace 
of the original bone through the percolation of dLssohT.ng waters. 
The impression, however, still remainsi by means of winch a fairly 
perfect restoration of much of the skeleton may be made. 

Often these moulds are filled in with other material, so that a 
natural cast of the object is fomied differing from the petrifaction 
in that it retuLna the form of the organism but not its atnjctute. 
By this means such evanescent things as jellyfishes have been pre^ 
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aen-ed. Agam, interior cavitia, aa of shells or the brain chamber 
of a vertebrate skull, may be filled with subsequently hardening 
sediment, so tliat a perfect cast of long vanished soft parts is pro¬ 
duced, This in the case of shells is often deceptive and has led to 
some confusion and duplication of names because of the striking 
dissimilarity of the outer and inner surfaces of the same shell. In 
the vertebrates, however, the brain replica ia of the utmost impor¬ 
tance, for form, size, and proportions of parts arc all preserved vdtb 
absolute fidelity. It ia, however, a cast of the dura mater or outer 
membrane of the brain, and while blood-vessels and nerve roots 
arc often clearly uidicated, the depth and complexity of the minor 
convolutions arc not recorded. 

Footprints and Trails. A certain group of phenomena should be 
considered in this oonnection~the fesotprints and trails of verte¬ 



brates and invertebrates with their attendant meteorological ree- 
ords of rain-prints, tipple-marks, and mud-cracks caused by the 
drying of surface mud after showers. The footprints (see Kig 01) 
are of double interest , for not only arc they oftentimes so welt pre-^ 
served as to enable the student to trace much of the structure 
but they sometimes give a due to the proportions of the entim 
animal, especially when to the impressions of the hind feet are 
added those of the hands and tail. Furthermore, the footprints 
bring before the observer more clearly than any other records of 
the past the indi^-iduality of the creature, for they are fossils of 
iw'mff beiys, while all of the other relics are those of the dead, 
Coprolites.—A clue to feeding habits ia geticiaUy gained from 
the study of the mouth annament in comparison to that of 
aUies, hut conclusions arcsometiinea verified and supplemented by 
finding the fossil rejectamenta in association with bones or foot 
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print's- To such relics the term coprolit^ is applied. Sometiiti 4 ?& the 
uuvdded intestinal contents preserves the outline and extent of 
the alimentary canal. This is distinctly seen in several of tJie 
saJamaadrine forms preserved in CarbonUferous nodules from 
Mazon Creek, Illinois. 

Conditions fou Fossilization 

Immediate burial is the first prerequisite for fossiU^tion and it 
should be such ss to exclude the air so as to prevent oxidation of 
the organism. This burial is most often edected by water-borne 
sediment, which m turn bj derived from the defjradatioii of older 
rocks* Sediment deposited in the seas and oceans is of the first im¬ 
portance, and as a conBequeuce the fosaiJ remains of creatures 
making; their home in the shallower re^ons are by far the most 
abundant, while the deep-sea organienis are comparatively un¬ 
known because so little of these depoaitfl hm been devated into 
land. The firsUnamed depa^ite, especially when formed near the 
mouths of riverS;, sometimes contain the remains of land or fresh¬ 
water animals which were swept out to sea by the stream, but such 
inclusions are purely accidental and not of common occurrence; 
in some instances, however, notably in certain dinosaurs, they 
have given us the only specimens of their kind thus far disenveredi 

Fresh-water deposits are largely those of river bar or delta or 
flood-plain, though ponds and lakes do add their quota. The 
great Tertiary' fossil fields of the western states were fomicrly sup¬ 
posed to be the result of lake-borne sediment, but the lakes would 
have been of such vast extent that the creat urea in many instances 
were found an impossible distance from the supposed shore-line, 
where burial would be incffeeiually slow. The lacxistrirte theory 
of origin has therefore been largely abandoned in favor of the idea 
of fiood-plain sediments of ancient rivers. The greater part of 
our knowledge of terrestrial vertebrates is derived from such de¬ 
posits. 

\Vind“bome material in the form of loess or volcanic ash has 
yielded fossils of landdi\ing bcing?^, the former containing largely 
shells, while the bones of the vertebrates are more often found 
buried in the latter; the sbtb mentioned earlier in the chapter was 
preseiw'cd in an accumulation of bat guano. 

Miring-—Miring in bogs and quicksands, with its coinbined 
death and burial, has been a mode of preseiw'al which has notable 
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examplea m the mastodons found in numbers in New York and 
the adjSieent states, and the great Irish deer whose nrnuujis are 
Common in the peat bogs of Ireland. 

Perhaps the moat remarkable death trap in the world is found in 
the Elaneho Ia Brea which lies on the western border of the city 
of Los Angeles, California, The conditions there are thus 
scribed by Miller, after Merriam: 

“Crude asphaltic oil from the underlying Fernando shales 
has been forced to the surface through cracks or chimneys io these 
folded strata to accumulate upon the surface as more or less ex¬ 
tensive oQ pools. This hea-vy oil, under the influence of sun and 
wind, underwent a process of natural distillation, becoming more 
and more viscid until in the larger accumulations it was sufBciently 
tenacious to entrap and iiold the lurgeat mammals of the region, 
Ekphaa, Mastodon, and Paramylodon [Mylodml . . . Additions 
of these lenses of asphalt took place at the center as fresh oil rose 
through the chimneys from below j at the same time dust and sand 
drifted over and obscured the firmer asphalt of the margins. T^ese 
two factors combined to bring about a most deceptive condition 
in the mass by leaving the periphery fairly firm and yet permitting 
a gradually increasing degree of plasticity toward the center with¬ 
out a positive demarcation of the danger zone. Upon this treach¬ 
erous surface a mammal would be imaware of danger until the 
dust-covered surface yielded under his weight. His sudden start or 
his leap for safety would make all the more complete his entangle 
ment, . . , ^ 


“The entanglement of one ungulate would suffice to attract a 
multitude of cornivoi^. The creature probably acted not in¬ 
frequently as live bait for a considerable time, so that its strugeles 
and outcries ser^-cd to whet the appetites and overcome the 
instincts of caution m the hungry carnivore, ft appears from Mer- 
nam s studies that young animals or else old and diseased indi¬ 
viduals have veiy frec|Uently been thua tempted, though there 
appear animals of all ages," * 

Subsequent Viciasitudes.^After all of the conditions for initial 
preservation have been fulfilled, the resultant fossil is subject to 
vanous vicissitudes as time goes on, due to pressure, elevation, 
folding, and subs^uent erosion of the strata, and to the slow cir¬ 
culation of acididated fl^d other waters through the rock, cither 
from above or below. The latter may dissolve away shell or bone, 
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leaving only a mould which may be subsequently oblitcrated, or 
the mineralized fossil may assume a crystaUine structure and thus 
become unrecoim*s!^ihle as a relic of organic life. 

Crushing due not alone to the tremendoug freight of the super¬ 
posed rockj but also to the natural shjLnlLage of water-laid sediment 
in the subsequent dr^’ing-out process to which it is subjected* 
Notable instanees of such distortion are shown in the Niobrara 
chalk of Kansas, which was laid down in a shallow^ inland sea to- 
w^ard the close of Cretaceous time. Here the bones of Pleranodon 
and other winged reptiles are crushed flat, though formerly those 
of the limbs were cylindrical^ but very thiu-walled. In one spec¬ 
imen of a mosasaur preserved in the Yale Museum the vertehn* had 
originally an average length and breadth of about SO mm.; one of 
these vertebrec which lay upon the artieular faco has a present 
length of 21 inm., while another which lay upon itasidc has had its 
breadth reduced in the same ratio, aboiit 1:4. 

Sometimes the fossil has been subjected to an oblique shearing 
movement which completes the distortion^ and it requires the most 
judicious study to neston; the organism mentally and graphically 
to its oHginal symmetry of form. 

Fiiit-D TECKjnqiJE 

In his search for fossil shells and plant remains one need not go 
far aficldj for wherever sedimentaiy rocks are exposed there is a 
vatj'ing chance for success. The fossils in which the more fragile 
portions of the organism are presen'ed are not so often met with 
and but few areas the mde world over have thus far produced 
them. Terrestrial vertebrates are also rare as to localities, though 
often abundant within a limited area or horizon. Aside from cer¬ 
tain places w'here fossil-bearing rchtrka have been brought to light 
as a by-product of some commercial enterprise—minej quarry, or 
railroad cutting—the most productive exploration has been made 
in the drier areas of the globe where soil or glacial drift does not 
conceal the eroded rocks and where the vrhole geologic structure is 
unobscured by a mantle of vegetation. Thus the semi-arid portions 
of our West^ of Patagonia, or of northern Africa and central Asia 
are among the most favored places for field research. 

The vertebrate technique has been reduced to a seiencCp which 
may be briefly summarized. After a judicious questioning of the 
inhabitants of a given regionj which often fields much mformation 
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of value, the prospector, acting upon the knowledge thus gained, 
begins a carefuL, systematic search of the eiqjosed rock, generally 
along cM or escarpment, or within eroded water courses. Here one 
may see some portion of the skeleton protruding from the sand¬ 
stone, or the first indication may be a fragment underfoot, tech¬ 
nically called a lead, which one must if possible trace up the de- 
divity until its original resting place is found. This may rc^'cal 
the more or less complete skull or skeleton of a bygone type. Upon 
locating his prospect the worker then escovates the specimen with 
the utmcfit care, hardening it if necessary with weak shellac or a 
solution of gum arable, which permeates the bone and renders it 
capable of being handled where othenviso it might be too fragile 
to save. The joints which are found in aU consolidated rock often 
pass through the specimen, rendering it already in fragments while 
still in its native matrijL. Hence as the bone is exposed from above 
it is covered with strips of cheesecloth or burlap dipped in flour 
paste for the SmaDcr specimens or In liquid plaster of paris for the 
larger. WTien these bandages have tiioroughJy dried the fossil is 
further excavoted and the covering extended until it is so far pro¬ 
tected that one may completely undermine it and lift it from its 
bed. The bone is then turned over and the bandaging completed. 
In the case of a large bone or skeleton, wooden splints are included 
within the outer bandages, the process being analogous to the 
treatment of a fractured limb by a surgeon; in fact, it w'as a physi¬ 
cian who Gmt adapted the surgical method to the coUecting of 
fossils. Careful labeling, packing in specially constructed boxes in 
hay or straw, and transportation to the museum, which often im¬ 
plies a long haul or portage before the railroad is reached, complete 
the work of the coUcctor. 

In the museum the preparatore unpack, and by softening the 
bandages with water they are one by one removed until the fossil 
is laid tare. Then the matrix b carefully removed, the bone fur¬ 
ther hardened with a suitable solution, all fractures repaired 
with a preparation of plaster of parb and glue, or other special 
cement, and the bone is ready for study. 

SlGSrptCAKCB OF FoSSILS 

As one has said, the laws of physics are unchanging with the 
mght nf time. A crystal formed u million years ago ia precisely 
similar to one formed yesterday. Organisms, on the other hand. 
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not immutable, but aje cOfttimiaUy evolving into other and 
more specialized forms^ though the rate of progress may be re¬ 
tarded or aceelerated^ and a given race of animals or plants may 
differ markslly from another in its plasticity. Nevertheless the 
law holds true that mineral forms are cliaugeless, whereas organic 
forms are altered as time goes on. Thus it comes to pass that while 
the nature of a given rock and that of its contained minerals may 
give no possible cltie to its geologic age, the character of the in¬ 
cluded fpssib indicates conclusively the time w^hen the sediments 
were laid doivn. Certain types of ammal or plant life are so char¬ 
acteristic of certain geologic horizons that the term inde^ or guide 
fossils has been applied to them, and their importance in ascertain¬ 
ing geological chronolog 3 ^ is of the first order* 

Fossils indicate the extent and boundaries of former lands and 
w'ater^, the marine fossils show^ing the limits of encroaching seas, 
those of terrestrial origin the continental areas, the two combined 
defining with great nicety the ancient coast lines as interpreted by 
the expert. Further, as the isolation of contemporary marine 
faunas implies the existence of land barriers, so the appearance 
of new' terrestrial animals previously onknowTi within the area is 
evidence of the formation of new Land-bridges to aet^'C aa paths 
of migration. It was such evidences as these which enabled Pro- 
fe^r Schuchert to prepare the admirable series of maps showing 
the evolution and ^neissitudes of the North Amorioati continent 
and thus to raise Paleogeography to the status of a science. 

The variation of temperature and degree of mobture is perhaps 
most clearly Lodicated by the fossil plants, but at the same time 
the animals do add their evidence; for instance, the increasing 
aridity in the West during the Tertiaiy', had we no remains of the 
flora, would be as emphatically proved by the rapid diminution 
in the number and kinds of browsing animats and the great in¬ 
crease of grazing forma aft^r the beginning of the Miocene. 

The modem camels show perfect desert adaptations w'hicb 
include, among other detail Sp the jneldingt padded foot. The 
earlier camel-like forms have deer-like feet. The retre^ssion into 
the typical foot of the camel therefore indicates the beginning of 
desert adaptation and hence of aridity of climate. 

The study of fossils has given rise to a new branch of Zoology 
and Piology, and w'hite it cannot be carried to the extent of an 
experimental science, the grow'ing wealth of knowledge which 
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Paleozoology embraces could be studied by the kboratoty biolo¬ 
gist with great profit. 

A student of the philosophy of history may gain m uch knowladgei 
whereupon to erect the fabric of hb theories by bi$ o\yn observa¬ 
tion of Gontemporary events; but for final proof of his deduetionis 
he turns to musty records of the bygone centortes wherein he may- 
trace the evolution of nations and the rise and fall of empires. 

So it is vdth the student of evolution, oonceming w^hich a great 
deal can bc learned by experimentai work, by the propagation of 
domestic animals and plants, and by witneasiiig the w'ondcrful 
adaptations to every possible environment on the part of the 
teeming hosts of living forms. But aa with the human historian, 
the final proof rests upon the documentary evidence w'hich in this 
instance Paleontology alone can furnish. This evidence k still 
imperfect in parta^ the chapters ivere never written in others, or 
the record has suffered grievous mutilation by the relentless hand 
of time. In places debris from the older rock with its contained 
fossils has been redepositcd^ confusing the record, as a palimps^t 
may show traces of former writings intermingled with the new. 
In spite of these vicU^tudes the evidence b becoming more and 
more completep and with each added Imk the vision of him who 
ooutempifitea it gnows ever dearer. 
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CHAPTER XXVI 


CtPHALOPODS 

Place in Nature.—^ Disregarding^ for the present the great sob- 
kingdom Protossoap animals have foUcoired three great evolutionary 
UneSp culm mating in the molluscs, the arthropods, and the verte¬ 
brates; of these the eephalopods represent the final goal of mol- 
luscau evolution, the msects of arthropod evolution, and the 
mainmala of vertebrate evolution. Of all the ip vertebrate groupSp 
therefore, the cephalopnds and insects will prove the most in¬ 
structive subjects for our inquiry. 

The Cephalopoda are the most highly specialised molluscs, re¬ 
lated to the humbler, more or less sedentary bivalveSp clams, 
oystersp etc.^ and to the somewhat more ambitious univalves^ 
the snails, whelks, and periwinkles. The cephalopods themselves 
include the free-swimming squids, cuttle-fishes, oetopip argonauts, 
and nautilus, and a host of e]^tinct shelled forms allied to the last 
and representing a large group of which it is the sole survivor. 

In general the cephalopwds are divided into two principal sorts, 
the one aggressive, swift, well armed but not armored^an essen^ 
tially modem anirnal; the other sluggish and armored old- 
fashioned iu every sense of the w'ord. An example of the first 
would be the squid Loligo, of the second, the pearly nautilus, 
jVaufifMS. An understanding of the essential structure of these 
two types is necc^ary. 

Sthuctutie 

Squid 

Head and AimE—Ldi&o a squid, is a bilateraliy sym¬ 

metrical animal, having a distinct head, which protrudes from 
the open end of the conical mantle enclosing the body. This is 
elongated and tapers tow’ard what appears to be the posterior end. 
There arc a pair of horizontal fins at this end which together are 
more or le$$ rhombic. The head is embellished with a pair of large, 
well developed eyes^ and beans eight long tapering arms, forming a 
oircio around the mouth- There are two additional graspinjr 
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tentacles capable of a considerable tlcgrcc of e^ttenaion. The anna 
bear On their inner face rows of suckers for adhesion; on the ex¬ 
tensile tentacles these are borne only on the expanded tip, on the 
others throughout practically the entire length. 

Suckers.—The suckers are goblet-shaped, each consisting of & 
shallow cup borne on a short stalk, having a membranous tip, 
within which is a narrow homy rim with a serrated margin. Within 
the cup is a muscular plug or piston arising from its bottom. When 
the sucker comes in contact with any object to which the squid 
wishes to cling, the homy rim is pressed against it and the ruem- 
hranous lip hermetically seals the joint. Then the piston contracts, 



producing a partial vacuum within the cup which causes it to 
adhere very strongly through the pr^ure of the surrounding 
water. 

Siphon.—Beneath the head lies the siphon or funnel which, as 
we shall see, constitutes, together w-ith the mantle, the principal 
organ of rapid locomotion, The mouth, which is in the center of 
the circle of arms, possesses a powerful beak, like that of a parrot 
except that the lower jaw overlaps the upper. Within the mouth 
is a muscular tongue armed with a flexible rasp-like organ, the 
radula, a structure found also in the snails. 

Mantle Cavity.—Tlie mantle, which is derived from the body- 
wall and is characteristic of all molluscs, encloses not only the 
body but a cavity of considerable extent along the under side 
almost to tho apex. This, the mantle cavity, is in communication 
with the surrounding w-ater through the free edge of the mantle 
itself, and also by means of the funnel which has alreadv been 
mentioned and which is a tapering tube with its wider end open¬ 
ing into the cavity, its narrower one into tho outside water. 

Within the mantle cavity arc seen the respiratory organs_a 

pair of plumose gilb^-and it also receives the wastes from the ali¬ 
mentary canal, the kidneys, and other organs. The rhythmic ebb 
and flow of water from the mantle cavity carries off these wastes. 
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Fig. 96—A, Anatomy of foraaie squid, with the arms cut away ahd tho 
mantle alit Dpan and pr^^^ed aswie; au, branchial aurid^; dt funnel; g^ill; 
Aj futcHtinc; i, ink-aac^ Lver; od, oviduct; (w, avary; n remd organ; tp blind ssac 
of stomach; nCp vena cava^ B* jftwa of equid. (After Verrill-) 
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brings fresh water for respiration^ and also subseir'es the function 
of locomotion. 

Locomotor Organs,—Locomotion b effected in three difforent 
ways: either by crawling on the tentacles^ by ewmiukiog forward 
by means of the finSj or, more rapidly, in a backward direction, by 
forcing a series of stTong jets of water out of the mantle cavity 
through the forwardly directed funnel. This last is accomplished 
by the rhythmic relaxation of the muscular mantlej during which 
w ater flows into the cavity all around the neek; then the neck por¬ 
tion contracts so that the only exit is through the narrowing funneh 
and a forcible contraction of the entire mantle forces the w ater out. 
The fins must act merely as keels during this backward progress, 
and the arms trail m the creatune^a w^ake as rudders. When the 
extensile tentaelea are contracted and the other arma pressed 
closely togetherp the shows a fishdike contour like that of 
other swiftly swimming aquatic typeSp ^dth the greatest diameter 
about onc-thiid of the length from the apex, which in rapid pro¬ 
gression thus corresponds to a fish's snout. One form, Omilhaieu^ 
ihi$ the fljing squid, can leap from the water and, like a 

flying flsh^ occasionally land on the deck of a vesseh 

Ink-sac--^-One remarkable organ which has not. been mentioned 
is the ink-sac {sec Fig. a pear-shaped body, the interior of 
which ia glandular and secrete a black sulistance known ag the 
ink or aepia which coliccta in the cavity of the ‘^I’his communi¬ 
cates by means of a duct with the mantle cavityp ao that, if the 
squid b startled, the ink is poured into the cavity, w^here it mingles 
with the water, forming a dense black cloud when forced into the 
surrounding watefp under cover of w hich the creature escapes (see 
Fig- 109)^ This is analogous to the smoke screen used by ships in 
time of w ar. 

Sense Organs.—In common with all well-developed motor t^-pes, 
the sense orgams and nervous system arc highly evolved, and the 
latter b protected by a capsule of cartilage analogous to the vert** 
brate eranium. The eyes have been mentioned and they are splen¬ 
did structures comparable in their degree of perfection to those of 
the vertebrate, althougfi of course entbcly independent in their 
origin and development. Ciliated pits behind each eye are also 
the seat of a well^evebpcd special sense which has been inter¬ 
pret c^l aa that of smell, and in addition there are organs of equilibra¬ 
tion known as otocysta. These w'ere formerly supposed to be 
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organs of hearing^ hnt such a function is entirGly improved; on the 
other handp their removal leads to the loss of balmcing control. 
Luininescent organs are found in certain of the squids, notably 
the fiying squid mentioned above^ which can project a clear light 
from ttie axis of every arm. 

Shetl.^—The vestigial shell is reduced to a homy or chitinous 
body having much the shape of an old-fashioned quiU pen. It lies 
along the back of the aninml in a pocket-like depression in the 
mantle, and thus serx'ea to stiffen the cteaturo after the manner 
of an internal skeleton. 

Color,-—The color of the squid is variable, owing to the develop' 
ment of chromatophores (see page 196), pigment cells which are 
capable of expanijion and con¬ 
traction and thereby diffuse 
or concentrate the color as the 
case may be; thus flushes of 
different hues pass over the 
body of the animah allowing 
it to conform with the environ¬ 
mental coloring. 

Nautiius 

While squid-like cephalo- 
pods are numerous, the nauti¬ 
lus is very rare, for but four 
species of the genus now exist, 
and these are all the liviiig 
repre^ntatives of a formerly 
large and dominant race. At 
present the nautilus inhabits 
Oceanica from the Malay to 
the Philippine and Fiji islands^ 
living at depths varying from 
300 to 600 feet, although they have been taken at 1000 feet. They 
are never found at the surface except when dying, but their empty, 
chambered shells, which are very buoyant, are carried long dis* 
tances by waves and ocean currents. 

Comparison with Squid.—The coiled, chambered shell, in the 
outermost portion of which the creature lives, is the most dis¬ 
tinctive thing, but in still other ways the nautilus dlffera from the 



Fio. 97.—Nautilus adhenng by means 
tif its (After Willey,) 
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squid p for &xaitiple, in ha™g four gilk mst^ad of two^ and^ m the 
female^ nmety teotaclee instead of eight or teo. Good authorities 
have supposed that the many tentaoles of the nautilus are not 
homologous with the anus of the siiiiid, but rather with the suckers 
which tliey bear. In certain ancient squid-like forms (Acanl/ioteu- 
ihi^ spedosa) frtjm the Jurassic limestone of Eichstadt, Bavaria, 
the arms bore hook-Uke processes instead of suckers, which lends 
weight to this idea, I'he nautilus has an imperfect funnel in that 
ihe two margins of the scroh are not united, so that the organ can 

be unrolled and used for crawd- 
ing. It is therefore in a more 
primitive condition. The eye 
also Is much more primitive, for 
instead of being a highly devel¬ 
oped optical Instrument^ it is 
devoid of lensesp having merely 
a pinhole-like aperture to admit 
the mys of light. Such an organ 
doeSp however, form an linage 
upon the retina, but it is indis¬ 
tinct in detail like an impress 
sionist picture. The nautilus its 
a voracious camivoroua type» 
but cannot compare with the 
swift, aggressive character of 
the squidp for the former crawls 
over the sea-bottom or swime 
Jerkily along; and it will be 
seen at a glance that it is not 
built for speed. 

Shell.—The shell k a beautiful structure fonned internally of 
tnother-of-pearlp overlaiti with a striped poreclanou^ layer. The 
chambers are separated by thin pearly transverse partitions known 
as septa, which the animals secrete at regular intervalB after mov¬ 
ing fonvard a short distance in the living chamber. These septa 
are concave outw ard and are pierced by a circulaj: aperture con¬ 
tinued backwartl into a j^malt funnel (septal neck). Through this 
funnel passes a fleshy siphuncle arising from the rounded hinder 
aspect of the aniimil and continuing throughtnit all of the chambere 
to the tiny innermost one, w'here it is fastened to the inner side of 
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wall- By of ttis aiphuncle t ho inner chambers itiay he 

charged with a oitrogeiLoy^ gas to render the idicll more or Ics^ 
buoyautj so that it b not at all burdensome to the ammal. 

Tq primitive forma the shell w'as a straight cone {OrihocerawneX 
lying in the ori^nal dorso-ventraJ axis of the animal^ subse<iueotly 
it became coiled {Cyrtocera^xyne, Gw^^tceraconef NmiiUc^ne)^ and 



Fio. BO,—Chambered! naotiliiSt A'attiaJu? in tuitural pKjflitioQp the 

aheU sectioned, mantlel Cp ovej/p bomy girdle for adh^^tpn of mantle to 
k, fuiiEiel; fm hood; p, pmtnided tmtacleg; ^p aiphunole for oomnnmication with 
mner ehaiabc^ of ^ell. (After Owen.) 


iu racially old types its coils loc^o and it once more becomee 
straJghtp with the exception of the embryonic shelly which retains 
its ancestral coiling. 

Suture Line.—The septa ate Brmly united to the sides of the 
oone, the line of union, which is straight or cu^v^ed^ sometimes 
forming a highly complex series of infoldings. This line is called 
the suture, and is not visible from without in recent sheUSp 
but in fossils the outer shell is often lost And thus the sutures be¬ 
come plainly discernible. They form criteria of great taxonomic 
importance. 

Nautilus possesses no ink-sac. 
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CLASSIFICATION 


They scheme will reader ihe clfii$$iGcatiDD of the oeptmlopod^ de4r: 

CJssB Ophalopoda 

™ " ■-■ - ^^ 

Subekssa TetfAbranchTatil * Subclass Dibrandiiata ^ 

{ 4 ri^ 0 i) ( 2 -giHed> 

Bhell (ntAttialp chambered cone; no Shell uilemaj or none; mk-Bac. 
ink'^Bao, 


Order Katidloides Order Anmio- Older O^^opoda 
Doidea (S^irmed). 

Shdi primitiYc, Shell progres^ve^ ArgorvuUo. 
with iamplc m- with eompicix sti- Male shelidcaa; 
tui^p not highly turea, highly oma- female with ex- 
ornamentedr mcntocL temaJ shell. Un- 

chsjnb^edr 

Octopus. 

Shelbless, 


Order Decapoda 
(l^-ajmcd). 
Suborder Balsm^ 
noidee ^ 

IntemaJ sheU^ par^ 
tialiy chamber^ 
^pirula. 

Internal ahell 
wholly chambered* 
Subg^er Sepioidea 
Internal vestigia 
^ell. Stfma, cuttlo- 
fieh, 

ote,^ squid 
or ealimaiy. 



The ck^ficatioD may be expressed diagraminatically as followa: 

Ammonoids 


MoUusCp primitivn 
anceetor 


ogmmtrn iH«f, ■« objipctleikibJe, u ^ moUt ham 
no knawl^ of tfco beUs of thn ommodlaL Altomitivo I^b 

tkB objoetloo MO EotoeocWoa (*xlon.ol tbdi) «.d 


* Abd hm shown that iht bdcmaitri had hut aix 
Dacapoda does mt property iaeludc them. Thair 
proper is, however, admitted. 


aitOB, and if oo the leruj Older 
tcLatiodahip to the Di^^iapodfl 
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SjibcI^A Telrabraiichiata (Eciocoehlea) 

These are DautiJus-llke forms preauiaably with two pairs of gills 
aod with a well-developed shell in the form of ao elongated, cham¬ 
bered cone w’hich later becomea coiled and theHj in racial old age 
types, UDcoUs again. In size they do oot as a nile compare with 
the larger of the dibranchiatca, and yet certain 
iDdj^ddllals of the ancient straight-shelled Endo- 
ceras had a shell at least lo feet long. 

Geological History.—The tetrabmnehiatos^ on 
account of their resistant shell, are much better 
known geologically than are their more modem 
relatives ^ the dibranchiates, so that their evolu¬ 
tionary history as told by the shell has been 
worked out in detail. Schuchert summarizes the 
shell changes of the mutilolds thus: 

" Nautilids appeared in fair abundance in the 
Lower Ordovician. Among these the most primi¬ 
tive were straight, tapering conea that were cir¬ 
cular or oval in outline^ and because there are 
many families of them they are called Orthoccrcfr 
cones (from the genus OrthoceTa$ [Fig. lOOJ, 
meaning hom)* These orthocerids were 

commoD throughout the Paleozoic and particu¬ 
larly BO in the Ordovician and Silurian. . , . 

With the Devonian these primitive forms began 
to wane slowly, but some were still present in 
the Triassic. All other types of cephaJopods had 
their origin in the straight-shelled Orthocera- 
cones and the hr^st of these had their conea Yig. lOQ.-Onho- 
slightly bent and are therefore called Cyrtocera^ erra^ HhclL {Frawm 
cones (from Cyrtoceras, meaning hom); later 
descendants were coiled in a loose spiral wound 
in a plane and aire known as Gyroceracones (from ffyrofimra, mean- 
ing round horn); still others are tightly, wound, with the whorb 
embracing one another more or less cloeselyp as in NottlUue, and 
these are termed A^aiiti.7ti:e?iee. On the sides of such one sees more 
or less of the inner whorls of the Bhells, and the area of these 
whorbis spoken of as the It is sandi in Naidilua and 

wide or open in the Ordoviciau forms. The bending of the tubes 
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due to a more mpid secretioa of Hme along the ventnd side 
of the cone, and the greater the uneciuaJ growth^ the more rapidly 
the cone . . . rolb up/' or becomes involute- 
The geologic record of the evolution of the Tetmbranchiatea 
includes of comrse the two mein suborders, Nautiloldea and Ara- 
monoidea. The first were long-lived, ranging 
from Cambrian time until the present- They 
embmoedF however* ecvcral parallel phyla ^ but 
their long life ia due in part to 
the fact that the degree of 
apccialLssatioti to which they 
y,o, attained was never very great. 

txras BhelJ. {Prom Of the ammonoicb, on the 
other band^ the reverse is true, 
wai Geoiogif.} ^ gpwbhration was 

high, so was their career brief and roeket-like— 
ewift in ita ascent, dazzling In the culmination 
into many beautiful and remarkable forms, and 
headlong in the decent into oblivion. It must 
be borne in mind, however, that in using such 
a figure of speech we are speaking relatively, for 
the career of tiie ammonites, extending as it did 
from the Devonian to the closse of the Creta¬ 
ceous^ wasreallyof immense 
duration. 

NautHoids.—The first un¬ 
doubted oephalopod know^n 
is of latest Cambrian age, 
and belongs to the straighir- 
sh^lltid Orthoceraeone type 
vrhich is the radicle of the 
group, -findoceroj?, the most 
primitive of orthoceran 
forms, prevailed in the Or- Fig. 
dovieian, but here came in (After ZilteJ-) 
abo curved forms, at first sparingly, then later abundantly. The 
simple uns|5eeializcd orthoceran type survived throughout the en¬ 
tire Paleozoic, and finaUy disappeared near the end of the Trias. 

The first of the forms departed little from their ancestral 
habit, but enough to give a new generic title, Cyrioc^as (Fig. 101). 



Fm. 102. — Gijrocmz 
(After Zittei) 
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Cyrtoccras is O^doym^m to Devonian in distnoution. As time 
went on the curving beemne more pronounced. FinaUy the coil 
became complete* t bough the succcssiYo whorls did not touch the 
preceding ones; this stage is called Gp'oe^as 
(Fig, 102) and is most commonly Silurian in 
age. Later the succeeding coils began to 
touch and finally to embrace the preceding 
and the culmination of nautUoids was 
reached in Nnuiilus (Fig. 99), 

When the close-coiled stage w'as attained 
the nautitian shell had reached its limit and 

could progress 

no farther, and Fio, 104.—Goniatnid 

at once some of (FroTnSchuchert'& 
thfl stock l,egan ) 

to retrograde* and uncoiling shells ap¬ 
peared. wmt through the or- 

thoeeraUp cyrtoceranj gjToceran, and 
n au t i lia n 
st agesp and as 
it became ad¬ 
olescent left 
the close coil 
and reverted 
to the ortho- 
ceran stage 
It is of middle Ordo^ 


Fiq. 105-^—ahelir 

(Aftjcr Zittel.) 


(see Fig. 103). 
vician age. 

reversionary nautiloids are con- 
nned to the early and middle Paleozoic 
and did not in any case become radicles 
of later groups; they had run their 
oourije and e.xhausted the possibilities 
of development, and died out without 
descendants. The old simple orthoceran 
shell* however* held out until the Trias, 
and then gave rise to the belemnoidsp 
and the unspecialiiod nautilian shell 
endured until the present time, though now rapidly nearing 
G^^inctioru 


FiOr IOG. —' //filcTocmrs 
shell. (Pfinm SchucSsert'a 
Ilistorical 
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Ammouoids-—^The ammoiioid rnice^tor b represented by Bac- 
triteSf an orthooeroid which by acceleration of devdopmeat ac^ 
quired a calcareoua protoconch or embryo shell, and a mai^al or 
ventral dphunde. The tunmonoid line appears in the Ordovician. 
By Devonian time they have sutures bent or dated into lobes^ and 
narrow shelbr and it waa out of this stock that the true ammonoida 
developed early in the Carboniferous. 

From the Nautilinidse of the SUurian the cephalopoda of the 
Devornan branched out rapidly, continued increasing and diverg¬ 
ing in the later PaleOioiCp and in the Mesozoic became highly spe¬ 
cialized and accelerated until their final extinction at the end of 
Cretaceous time. In the Jura these ammonites roaehed their aemep 
branching out into very many fanaUIea and fiubfamili^, increasing 
usually ia complexity of sutures and variety of ornamentation. 
In the Cretaceous they gradually dccUncdp dropping off one at a 
time until all were gone. 

Only a few stocks persist in the Cretaceous^ hut from time to 
time during this period certain genera branch off from the main 
stock, become highly specialized and often give rise to scHoaUed 
abnormal forms, phylogerontLc or degenerate genera (retrogres- 
eivc)j which do net perpetuate their race. Thcge change their 
close coU, becoming straight aaj in Bocuftfes, ascending spiral as 
HdiT{Ker<ji$ (Fig- lOfi), hook^haped as Hmnites, or open-coiled 
gyrocdran as Crioceras. These do not form a natural group, but 
are themselves in some cases polyphyleticp as b apparent from 
their ontogeny. 

The follo^idng table expresses in graphic form the evolution of 
the tetrabraachiates. 
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Ec.-cetit 

Quaternary 

Nau 

iloida 2500 epp, 
tiliii living 4 app. 

Ammuuoida 5000 

T^tiary 

a 

-a 

1 



Cretaceous 

1 

S 


Final total ejeUnctiou _ 

i 

General retrogresBion 

Juraa^ic 

o 

1 

3 

Ko uncoiling 
type* 

Croat numlxu^ f Progrcaaiv^ ^ 
Second ma^imuin 1 Retrogressive E 

Tnaasic 

a Gr 

'1 ' 

adual decline 

PiiKt UDCoiting types ^ 

Fiiat nmjtimum 

PennLftn 

iO' 


-j 

Mhj 

1 

rked pragresfflvc evi^ludon 

CMboa- 

iferoufl 

1 

1 

1 - 

axp decline 

N 

Proi 

1 

1 

P 

Bovonian 

Uncoiling 

typoB 

PrDgTie$BivQ evolution begins 

Silurian 

^ * M( 
,11 ^ 

[2g 

fiximunt 


Ordovician 

Uncoiling 

types 

LzHiiiis 

Appear AS goniatoids. 

CambHim 

Ap^ 

pear 



Dibranchiala {EjidococMm) 

The dibranchlat^^i^ ma y be aa follows: Active^ im- 

artnoned cephalopoda vnth two gills; funael complete; iok-ijae 
usually pre^sent; with dx or eight (Octopoda), op ten (Decapoda) 
arms provided Avith stickers or hook^. The vestigial shell generally 
reduced and sometimes wanting, ahvaj^a internal. Relatively 
modem types, 

Belemnoids.—We cannot trace the evointion of the modernized 
dibmnchiate cephalopods with the same assurance as that of the 
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tetnibmnchiatcai because of the Rradually dumnishiiig shell which 
reduces proportionately the chance for their preservation as fosflib. 
Belemnoids are, howeveri well known and render possible an under¬ 
standing; of the evolution of the shell. In 
this group, which is characteristic of the 
MesozoiCp the mantle had become more 
and more external to the shell so that the 
latter came to lie within iU substance. 
Hence the shell has more the character of 
I ‘i an internal skeleton than of a protective 

armor- The belemnoLd ^hell (see Figs. 
107, 108) is straight, conical, and cham¬ 
bered; the septa are close to one another 
and fixe perforated toward the ventral side 
of the shell by a very slender siphuncle. 
The posteriorly directed apex of the shell, 
the phragmacoue (see Fig, 108), is pro¬ 
tected by a calcareous sheath or giiard]i 
usually the only part presented. The an¬ 
terior wall of the last chamber is prolonged 
forward on the dorsal side into a broad, 

fjQ.107.-Btlcmno!d proastracum. Of these 

ahdl. A, Kujird, part Mm- the phragmacoDe is of historic^] 

tnonly preserved. B, entire significance since it is clearly derivable 

Di&L'oDic^ passing upward cerids, out of whichj in the early Trias- 
into the limy or chittnoira the bclemnolds aro«sc^ 

Kiainim;cutto*b«ir piirse- shell (shown m Fig. 108,D), coilcd into a 
macone. (After Steiumniin, loose spiral, represents the phragmacone 

disappeared. 

Spimla was formerly supposed to be 
unique in being the only known sedentarj" cephalopod. Dur¬ 
ing the recent expedition of the ship “Michael Sara,"'' however, 9o 
living specimens were secured and their habits observed in an 
aquarium, with the result that, instead of being sedentary, Spiruia 
is now seen to be pelagic, floating head downward and boveriog 



in the mteimediate depths far Ironi the Ijottom. 

The Sepioidea, another group of Mesozoic dibranchiates, re¬ 
tained only the proostracum and the completely modihed remnant 
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FtOr lO^.^Dkgramm&ttc sections of dibranchinte sh^!s. Ap S^pia; 
BdeMnita; C, SpfniftnMlra; Spirvla; E, Ofrtjriastrt]^ie3; Pr charobMd 
phm^Ecaoone; pap prooetJraouEq; rostrum. (Aft^r 



Fio^ 109.—Cuttle-£shp Sepia offititialiif discharsbg its protective cloiid oi 
Ink. {After Doflein.) 
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of tiie phragmacone, which combined to form a wide and thick 
but vcr>’ light and porous “bone," consisting of delicate plates of 
lime separated by vertical bbeirs. These shelia are characteristic 
of the cuttle-fish, which range from the Jurassic (Oxford Clay) 
to the present. Some of the Upper Jurassic forms had a cuttle- 
bone at least two feet in length, indicating a creature from six to 
eight feet long (see Fig, lOS.A). The proostracura, projecting 
toward the bead of the Mesozoic squid, has become a structure 
known as the pea, and in some living genera such as Ommasfrfljjhes 
and Loligo the pen alone remains. 

The modem genua ArcAitculfcis (Tig. 110), the giant squid, is the 
fitting culmination of this evolutionary line, for some of them arc 
not only the largest of invertebrates, but, wiien measured to the tip 
of the extended tentacular arms, exceed the length of any known 



Fio, SQuldr ArchUsuthh pn'nscjw. (Aft-cr VtrriLl.) 


vertebrate except the kr^r whales and the amphibious diaosaure. 
The body may be aa large as a hophead and the extreme lenj^h of 
body and tentacles may exceed half a hundred feet. 

Octopoda.—Tn the elglit-armed dibmnehiatea the extreme of 
apeciali^ation is reached, for the iDternal shell has entirely disap- 
peiired and but One of the groupSj the female Arg&naiiUi (Pig, 111) 
(the male (see Fig, 17) l)eing sliell-less)^ has anything com parable 
to such a structure. Here the unchambered shell is more la 
the nature of a brood chamber and as such not homologous 
with the shell either In the Decapoda oor yet in the tetrabrao- 
ehiate Cephalopoda. 

The fossil record of the Octopocb k almost entirely blanlc^ hence 
their evolution may not be traced. The most ancient octopus, 
known as Calais^ oome$ from the Upper Cretaceous of Mount 
Lebanon p Syria, while the argonauts are unknown before the 
Tertiaj>% 













CEPHALOPODS 


403 





Fid, in ~Arijoiia«tr ar(io^ franale. (After Claue-Seipdck. Far 

male see Fi^, IT.} 


Fig. 113.—Swiinciiliie octopira, Odoptii ep. (After Doflein,) 
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CHAPTER XXVn 


INSECTS 

Place in Nature.—As the cephalopoda are the euJmmation of 
the evoluticm of the unsegraeated invertebrates, so the insects can 
be considered the final evolutionary goal of those whose bodies 
are segmented, the so-called "Articulates” of Cuvier. The most 
piimitive members of this great group are of course the annelid 
worms, out of which there arose, some time in the remote past, the 
primitive Crustacea or triiobitea and from tiiis stock not only the 
later Crustacea hut two phyla of air-breathing arthropods. The 
latter include the more remotely related araehnoids—scorpions, 
spiders, extinct Merostomata and the relic horseshoe mbs—not all 
of which, however, aj^ air-breathing. The nearest allies to the 
insects, on the other hand, are the MjTiapoda—miUipeds and centi- 
peds, which, while of a lower order of development, show many 
features in common with the insects. 

Definitioa.—Insects may be defined as air-breathing arthropods 
in which the body is divided into three distinct regions, the head, 
thorax, and abdomen. There is a pair of legs borne upon each of 
the three segments of the thorax, and generally two pairs of wings, 
arising from segments two and three. The head, which shows no 
external trace of segmentation, bears a pair of feelers or an tenn®, 
compound and simple eyes, and three pairs of mouth parts—the 
xnandihl^ and the first and second pair of ma?dlIiB—although the 
last are more or less united into a single organ, the lahiura or lower 
liP‘ The ahiiomen, consisting of eight or nine segments, is generally 
devoid of appendages in the adult. None of the insects are organi¬ 
cally muted to each other, and but few are sedentary, although 
many are parasitic in habits and often d^eneratc. The sexes are 
entirely separate and the development of the young b often com¬ 
plicated by a more or less profotmd metamorphosis. 

Importance and Numbers.—From the standpoint of their im- 
iwrtance, the insects may be placed ne.xt to mankind, the only pos¬ 
sible disputants being the unguiaUi mammals, whose significance 
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ifi wot so much from the viewpoint of ti^ture as from that of irum; 
the insects, however^ may be considered important from either 
point of ’^iew. 

Their numbers exceed computationj for Kellogg tells us that 
while there are le$J 3 than 1000 different bird species in North Amer¬ 
ica, there are more than 10,000 known species of beetles alone, 
and the total wuwiber of named and described species of insects in 
the w'orld Ls abovit 300,000, This is so far, however^ from being the 
ultimate nmnber which the world contains, especially in the teem¬ 
ing; tropical forests, that L. O. Howard estimated them at perhaps 
3,500>(}{KJj and when one multiplies this number by the possible 
number of indiv-iduals of each kind^ necessarily variable, he arrives 
at figures as incomprehensible as the years of geologic time. 

Weigh the importance of such an army from the standpoint of 
its devaatation, for it “ lives on the country'" and every' mouth miisft 
be filled many, many times I The tax imposed by the insects on 
mankind alone through their destruction of crops and of raiv ma¬ 
terials and maniifactured products—food, tobacco^ drugs^ leathers, 
textiles, bulLdmgH—amounts to untold millions of dollars each year. 
They are the only forms of life wdiich seriously threaten man’s 
earthly supremacy, and while individually their devastations are 
of little moment, collectively their constant attrition may ulti¬ 
mately effect local conquests in w'hich man will have to confess 
him.setr beaten. 

In addition to the general destructiveness of insects w'e have to 
charge against their general account the direct sufferings of himian- 
ity caused by insect-carried diseases, some of w'hich are discussed 
in the chapter on parasitism, and these siiffering^ in many instances 
terminate only in death. But over against this terrible arraignment 
may be placci^l to their credit the direct aid of the beneheial insects 
in the fight against their noxious allies, and the very' great service 
that many of them give in the pollenation and consequent fructi- 
f>dng of the plants, many of which, like the red clover, are impor¬ 
tant food crops for man or for his Ix^aats. This pollenation has 
given rise to some intricate adaptations on the part of plants them¬ 
selves to insure the vusits of the fertilizing iriKects and to enable the 
pollen to be obtained unconsciously in one Bower and left where it 
w'ill surely impregnate another. To these should Ije added those 
insects that arc of direct benefit to man, such as the honey-be^ 
cochineal and Uc insects. 
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Habitat.—The habitat of the insects is as variably as one can 
conceive of, ooveriag practiesUy the entire rongie of animal en- 
vireEtneot mth the exception of the deep sea. Among free-living 
insocta there are terreatria] ones, ranging from alpine wastes to the 
steaming tropica] jungles, from the snowfields of the Arctic to the 
ever green forests beneath the equator, and from the driest deserts 
to the moat humid regions of the world; they range from the air to 
the waters under the earth, being found even on the ocean many 
miles from land, some surface dwellers, others subaquatic; and they 
are miners and borers in wood, and inhabitants of the body of other 
aniniak, both within and without, man himself being tenanted by 
no fewer than a dozen, probably more, different species of insect 
parasites. 

Habits.—Insect habits cover a wider range than those of any 
other group, and the anatomical structure, especially of locomotive 
orgi^ and mouth parts, varies astonishingly to suit the owner’s 
liabits. It is futile to attempt to mention the habit variation at 
this place. 

Metamorphosis.—The fact that in many insects the growth to 
maturity is attended by a more or less profound alteration of the 
creature’s form, appearance, and liabita, has already been men¬ 
tioned. In the lowest order, the Aptem or Thysanura, metamor 
phoais has not yet been acquired, the creature being, at the time 
of hatching, a miniature replica of its wingless parents. In wmged 
forms, on the other hand, os these useful structures are confined to 
the adult stage, there is the change from the wingless to the winged 
condition. Again, in the lower orders where no speeial tjrpe of iatwa 
has been evolved to meet peculiar life conditions, the metamor¬ 
phosis, such fis it is, may be said to be incomplete or gradual for 
the young are readily recognired as offspring of their parentsj'and 
the wings, at first groyf with successive molts until hi the 

last they become functional. Aside from the acquirement of the 
r»wer of a,ght, there is therefore no abrupt or decided change in 
the appearance of the animal. Hence the term larv^a, which always 
implies some modification or structure which the adult docs not 
po^, cannot properly be appli«i to the young of these forma 
and they are known as nymplig. 

In higher msects, where such lar^-al characters have been ac¬ 
quired, there is no external traceof wings throughout the adolescent 
hfc, then comes a reuiarkable stage interpolated into the life cycle 
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during which the insect Is generally quieficeat and is undergoing 
its profound change into the foiin and condition of an adult. 
In this, the pupa or chrysalis atagej the future external organs 
antenruet ^^dngSj legs—may be externally manifest, reminding one 
of an Egyptian iiiunimy case upon which are moulded and paint-ed 
the features and something of the form of its silent occupant. The 
emergence from the pupa skin is aljnost like a resurTCction, for the 
creature now comes forth glorified and resplendent to wing ita way 
through the air, whereas before it was a creeping, earth-bome form. 
The several stages are: 


Egg 

1 Adote-went | 

Adult 

WheTG metamarphodi w 


1 Nymph | 


tneKanorphosii w compUle 


] Larva Pupa [ 

Imago ' 


Flight is Timer acquired in existing insects before the imago state 
is reached, when the individualp whatever ita size, is full growm 
and after which it ceases to molt. The only apparent exception 
to this rule is in the May-flics (Epheinerida) in which the creature 
emerges from its aquatic home, tnoUe, spreads some very imperfect 
wings, flies to the nearest support and molts again, this time de¬ 
veloping perfect wings with full powxrs of flight. This temporary 
flying condition b kno™ as the subimago stage, and is really 
comparable to the last nymphal stage in other insects wherein 
the wings are present and rather large but not yet functional. 

Classification.—A brief r&um^ of msect classification is neces¬ 
sary' to our forther study, but while specialists would divide the 
group into more tlian twenty orders, a more general grouping 
into nine ’^viU serve our purpose. 

A. TFiiA aa 

Orflcr 1. Thysadura or Aptera*—Wingless in^ta with the body cov¬ 
ered with scales or hidr^n Eyes either absent^ simple in or com’^ 

pound. Some run, others, progrttss by mctins of a springing uppavratus on 
the abdomen. Exatiiplcfl: the Bpringtails (Fodurn) and sUverfish ILepismah 

B- WUh incomplete mdomorphmie 

Order 2, Orthoptera. lasccta with two pairs of of which the 

anterior pfiir are generudly parchmentr-litc (tegfoinfl), the posterior ones 
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membrsDDUs. Moutb nmndibukte^ that with the narrual insMt jaws, 
fittefi loif chewing. This order includes the earwigp^ eoekroaches, stick 
aT)d leaf insectSp gmssheppers^ and loeuFit^. 

Order Pseudonetimptera. Insects with two pnira of s:tmikrp net- 
veined^ membranous wLoj^. Mouth nmndibutate. Includes tlie tertnltca 
or “white anta^” May-f!lK^ dragon-dies^ etc- 

Order 4. HemJptem^ Tniiects in which the wings nje usually present 
and are sometimjs sin^ilar and membrnnons, again dbsimiMr, tlie forward 
pair havidg thickened bases and membranous extremities which overlap 
(hemelytm). Mouth haustellate^ t, e., sucking, consisting of a rostrum 
enclosing the jaws^ which are modihed as piercing organs. This order in- 
eludes the bugSp lice, scale insectSp plant-lice or aphidsp and eieadas. 

Order o. Neuroptem. KimiJnr to the F^udoncuropletap except that 
the metamorph^is is oompiete. Formerly included that order under the 
present name. Examples: nnt-lions, aphis-Jions^ and cadclice-flic«. 

Order 6* Lepidcptem. With two pairs of w'elJ-dcveloped winga which 
are covered with eeales. Mouth liaustellate as adult, mandibulate as 
larvxe. Butterfiice and moths. 

Order 7. Coleoptera. Inisecta with dissimilar wings, the anterior pair 
being in the form of horny elytra, the poslerior pair membranous, hlouth 
mandibulate. Beetles. 

Order 8. Dipteca. Win^ or wingless (fleas) insects, the former bav- 
mg but a siEgle pair of membranous wings, the hinder ones being rupie* 
sented by a pair of knobbed balancers or halberes. Mouth hau^cllato. 
Here are included the flies, fleas, and certain degraded, tick-like, wingless 

Order 9* Hynenoptem- Inseets which generally possess two pairs of 
™ilnr and membranoua winga. Mouth mandibulate Of haufstellatc (lick¬ 
ing). Includes the bees, wasps, ants, gall^ and iclineumon-(paTasitic) flics- 

Adaptive Radiation of Insects 

The law of adaptive radiation (see Chapter XVlIl), which 
was on^naJIy applied to the mammala, is equally applicable to 
the reptiles on the one hand and to the insects on the other. There 
is, however, this difference in the insects, that while the primitive 
stock was undoubtedly terrestrial, as in the two vertebrate groups, 
most insects have passed through a volant or aerial stage. This 
volant sta^, while it has also developed both in niamtrials and 
in reptiles, is confined to relatively few forma, none of which, once 
having attained it, Las ever retrogressed- The insects above the 
Aptera, therefore, are in a sense more comparable to the biids 
in that practically all fly, and those which do not, come from a 
vdunt anccstiy and have lost their wings through specialisation. 
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On the other hand, the birds arc hardly comparable to insects in 
the extent or range of their adaptation, 

DIAGRAM SHOWING ADAPTIVE RADIATION OF INSECTS 
Cursorial Volant 


Iloticha JIl tijJ wjKicJaffif 

Ortnaul hcetl& 



pTimitive Stock —The simplest living insects are undoubtedly 
the Aptera (ThjTsimiira), for here alone we have priniaril^'^ flight* 
less forma^ shown not only by the total absence 
of wings Tftithm the order, but also by the sim¬ 
plicity of the thorax and its musculature as 
compared with secondarily flightless form$, since 
here we find the three segments of the thorax 
separate and not fused (Fig^ 113). These forms 
are not known fossil before Carboniferous time 
(DcLsypelttis)^ but there has been little change 
from that day until the present, and this argues 
for their high antiquity. In the more generalized 
flying insects the first segment or prothorax 
alone is free, whereas in the higher forms— 

HyTnenoptera, Lepidoptera, Diptera—all three 
segments are united into a firm box wherein the 
wonderful motor organs reach their highest 

de\'elopment. (From J, B. 

Cursorial and Saltatorial Adaptation,—Curso- Ecor^omic Enii^- 
rial forms are represented by the cockroaches 
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amonj; ancient an<I although many of their allies to-day 

have departed from the more primitive cursorial gait and have 
become leaping or saltatoriai forms, as in the j^asshoppers and 
crickets, speed of tnovement is eharactcriatic of both. Ainoinj the 
Orthoptcra the cur&oria] gait was prevalent during the Paleozoic, 
leaping forms being unknown before Lower Jurassic (Lias) time. 
Among the ancient cursores more than two hundred species of 
roaches have been described from the Paleozoic, some of them of 
gigantic size. 


Certain beetles, notably the ground beetles, Carabid®, and the 
tiger beetles or Cicindelid®, are cursorial. The latter especially 
are the most agile of all beetles and are not only swift of foot, but 
ate also able to fly well. They are gracefully formed and beautifully 
colored and, as one w'ould expect, are predaceous forms of high 
economic value through their destruction of noxious insects. 
The giound ^tles are a large group almost all of which are preda¬ 
ceous in habits, either sprin^ng upon their prey or capturing them 
by chase. 

Many of the HjTnenoptera are also speedy, especially the true 
ants and the so-called volvet-ants (Mutillidoe) which are in reality 
wasps. Here the male flies, but the female is 
wingless, very swift in her movements, a power¬ 
ful stinger, and warningty cobred in scarlet aod 
black. The true ants which, with the exception 
of the sexed individuals, have also lost the 
power of flight, make up for it by the rapidity of 
their moveinents. Speed adaptation is shown in 
all of these forms by the gracefui bodies and 
slender limbs, in sharp contrast to certain of 
their non-eursorial allies, such, for instance, as 
the heavy-bodied Iwriog and scaraboid beetles, 
and the bumblebees. 

Fossorial Adaptation.—Fossorial insects are 
many, some digging for retreat as in many wasps 
Fm. 114. —Pos- others merely for nest-building to pro- 

5™ni!. Oth^ like the larva of the lc«f.ohrfeie 

(June bug, Japanese and May beetlea, etc.), are 
entirely subtermaean and as “white grubs” take a substantial 
underground toll of the farmers' crops. 
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The fos^riaJ insect par escdtence, however, b the mole-cricket 
(Gnjllotalpa) which m its habits and appearance almuLates quite 
closely the common garden mole. The body, while long and rather 
slender for a cricket, is on the whole spindle-shaped, the small head 
forming a good entering angle, offering but little obstruction to 
passage through the soil. The fore limba in particular are mole-like, 
broadened, the tibiffi being expanded and spined in such a way as to 
be most effective digging organs. In their broad aide wise sweep 
they resemble the moleb hands in action, and, like the mole, the 
cricket's movements can be detected as he progreases just heneatb 
the surface (see Fig. 114). 

Aquadc Adaptation.—There are many different adaptations to 
aquatic life among insects, some of which apply only to the adolee* 
cent life, others to the entire insect careerj and the adaptations 
include not only locomotor devices, but special respiratory struc¬ 
tures whereby what are prim arily air-breathing forms have become 
able to utilize the air dissolved in the w*ater. These structures, as 
we shall see, ai^ of greater significance than their present use im¬ 
plies, for it is believed that out of such structures the insect wing 
evolved (see page 416), 

The aquatic groups may be summarized as in the table on 
the following page (adapted from Comstock) J 
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Adult 


pgcudoiieuTuptfm 
EiphtitnCiriua, May-Hies 
Oikkn^ta, dragon-flies 
Plewptera, stoDe-fli{^ 

Hemi^tem 

C^riaidiD, W4tcr lioatinen 
Notooeotid^j ba^'k-tiwlmniers 
Nepkka, uilLct 

BckkStomida!, ictnwit water bugs 
Naueoiidi?, creeping water bugs 
VEltiflje, water stridcrs 
HydrobatidEE, ™ter attidore 

Neuroptera 
SiabdfiB, dobson^ ete. 

Phrygaueick^^ c^dice-fliea 

Coleoptcrar 

HaOplitl^, haliplids 
Dytiacicke, predaceous diving beetles 
Gyrinidup whifli^ boetEds 
Hydrophifidoe, water am^'engers 

‘ a 

S haroceridie^ net^Hinged midges 
^idiD, mcHH^uitee^ 

SimulJJdie^ black Qji» 

Epbydjriiua 


Aquatic 


Id QiSfine or 
alkaiino waters 


Aerial 


Aquatic 


A€ria] 

H 


Aquatic 


Aerial 


In the more gmeraJiaed insceta whose young are aquatic, this 
adaptation may perhaps be looked upon as a primitive condition; 
among the flies, on the other hand, it may well be a secondary 
adaptation. There is apparently no insect that ia aquatic as an 
adult only. 

Of the aquatic modifiailims, the first to be considered is the 
means of respiration. Aa we have seen, the rcspiratoiy organs of 
the spiders, myriapods, and insects consist of branching air tubes 
known as trachee which have their origin in symmetrically ar¬ 
ranged apertures, the stigmata, through which free air is admitted 
to the sj-stem. There are geuetaily a pair of principal longitudinal 
trunks from which short tubes pass to the stigmata. Frem them 
there also arise other branches (see Fig. 12) which divide and divide 
^ain untd they end in tubes of capillary fineness which are found 
in all of the tiBsues of the body. 

Usuaiiy imjong animals the blood or its equivalent is the oxygen- 
carrying medium, receiving it from the respiratory organs (e.'rtemal 
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respiration) and delivering it to the ti$aues (internal respiration)^ 
the oxygen being carried in chemical anion with an iron compound, 
hGemoglobin^ in which ease the blood lb red^ or with a compound 
of copper, hsemocyanin, which gives a faint bluish tinge or none 
at all to the blood. With the tracheates the blood haa no respira- 
lory function^ the air being carried bodily wherever it is needed by 
the tracheal tubes which, in common with other respirator)^ do* 
vices, are merely a complicated infolding of the body-wali. 

Aquatic insects breathe by one of two general nieans^ either by 
air rcscn='oirs or b)'' tracheal gills. In oerijiLn insects w^hich, like 
the water bugrj or water beetles, are aquatic throughout their life^ 
the abdomen b Rattened on its dorsal surface, but the forward 
wings are an.bed in such a way that a space of considerable si^e i$ 
left into which the trachea: open. The insect, ivhich requires but 
little air compared with a vertebrate, comes to the surface from 
time to tiiiie^ protrudes the end of its abdomen, raises, the wing 
tips Blightlyp and thus renews the air in its reser%'oir. But the 
young of these same insects have no wings^ so another method 
must lie adopted to take the place of tlie reser^'clr, and tliis is 
done by having the Ijody clothed with hair in w^hich eir becomes 
entangled, being separated from the surrounding water by the so- 
ealk^ capillary film in the form of an air bubble. From time to 
time the insect can oome to the surface and renew the air, but in 
welt aerated w ater this is not so necessary as with the winged fonn, 
for ox)'gen passes inw^ard and carbonic acid gaa otitw^ard through 
the capillar)' film by osmosisp that process by which gases or other 
aubstanccB on either side of a film or membrane are equalized. 
Tracheal gills (see Fig. 115) are leaf- or hair-like outward exten¬ 
sions of the body-w^all, arising from a stigma, the tracheae being 
oontiiiuE^d into them and bnmehing out tike the veins of a leaf. 
The air within b now in osmotic nJationship with the surrounding 
water which bathes the gillp and as Isefore the mutual exchange 
of gases is effected. Respiratory raovementB keep up an intei^ 
change of air from the gills to the bodily traebese and by the rhyth¬ 
mic w'aving of the former or by niotions of the insect body the 
water immediately surrounding the gill is renewed. In the May-fly 
nymphs the gill* are arninged in pairs along the sides of the abdo- 
men, a pair to each of the several stigmata; in the stone-flies they 
lie, as they rarely do, on the *ides of the thorax at the base of the 
limbs. In the smaller dnagan-flies, Agrioninjc, the gUls are leaf-liko 
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expansions borne at the end of the body* These subserve not only 
their prime function of respiration but, as mxh a caudal fin, the 
secondary one of locomotion as well The larger dragon-flies, 
LibelIuljDfl&, differ in not having external gills, but an internal one> 
in that the rectum, the posterior portion of the alimentary canal, 
with its w^alls filled with trachess, functiona as such. Here rhyth¬ 
mic contraetion and relaxation of the muscles causes a tidal ebb 
and flow of water through the anal aperture, bringing the fresh 
supply of oxygen and remo’^dng the effete material. Incidentally 
this structure also bef^omes a locomotor organ, for the forcible 



FiCr 115.—May-fiy ^how- 


expulsion of the W'ater from the 
rectun:! drives the creatures for¬ 
ward by a method of jet-propulsion 
comparable to that seen m the 
squid. 

The combi nation of respiratory 
and locomotive function in the 
tracheal gill is significant^ as these 
structures, especially such as are 
seen in the May-fly nymphs, are 
thought to repreiiont the prototjqse 
of the insect wing (see page 417). 

Aaide from the breathing de^icesj 
the body and limbs als^o show 


gillft, M fore wLBg; aquatic modifications, especially 

hand wing; fg, gill; i, .i ^ ... , 

in&fhGal tuboflu (After Lang, frcuTi creature is nektonic. In 

Parker and Haswdl.) a bottom-clinging form no special 

aquatic adaptation is necissaryj 
but the prethieeous diving beetles and the back^wimmerg and 
water boatmen among the bugs show more or less physical con¬ 
formity to the of tlie environment, with stream-hne bodies 
which bear no uimeccssa^ projections. They do not, perhaps, 
follow^ the numerical lin^ to tlie extent that the fLshra do, but 
Bufliciently so for small, not oversaw Lft craft. The limbs often show 
oar-like expansions whose extent is sometimes increased by lateral 
fringes of liair; propuliion, if not by tracheal gills or the rectum, 
la invariably by means of the limbs andj as among aquatic reptiles 
and mammaU when this is the case, the rate of speed is necessarily 
limited. Perhaps the larger dragon-fly nymphs which sweep the 
limbs backward simultaneously with the drive of the rectal jet 
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are airiDTig the most rapid inject Rwhnm^K^ for a short dktanco. 
Add to thiii a remarkable extensile Jabiuju for graspinj; their prey 
and their efEdency is as great in its way as that of the magnificent 
adult. The nymphs are generally protectively colored so that their 
quick dart from obscurity mii5t make them highly successful in 
the btriigglc for existence. Among the most interesting of aquatic 
iuseets are the eaddice-worms, Ian"^E of the caddiee-flics and be- 
longiug to the true NeuroptcTa, yet probably ancestrally related 
to the blitter flics and motba as well. The adult is a snialJ nocturnal 
insect^ of sotnljcr hucj looking when at rest not unlike a night- 
djhng moth. The wings arc clothed with hairs^ 
not scales as in the Lepidoptcra^ but these 
scales are in turn modified hairs^ which 
among other things makcfs the above-men¬ 
tioned relationship plausible. The larvse are 
caterpillar-lLke, the elongated abdomen being 
decked with tufts of hair-like tracheal gills. In¬ 
stead of exposing its tender body to the vicis¬ 
situdes of aquatic life the creature makes for 
itself a tubular house isiithin which it lives and 
from which its head and limbed thorax may 
be protruded for locomotive purposes. These 
houf^ vary^ in building material os well as in 
architectural design, being formed of tiny bits 
of twigs or leave^^ or of sand grams or even Bmaer^ froni i. B. 
minute pebblesj the twigs sometimes laid Sniith'B, ^cscjiwmic 
lengthwise, again after the manner of a 
pioneer's log cabin. The creatures themselves arc carnivorous and 
Occasionally spin a web athwart the current of the stream^ like a 
tiny fisherman's net, and lie m wait as a spider does for such imfor- 
tunates aa ehanen provides for food. 

Aerial adaptation is so universaJ an insect characteristic that but 
few forms need be mentioned as of particular interest in this re¬ 
gard The powers of flight among insects vary' aston^5hinEl3^ Some 
are slow, bungling fliers^ as certain of the Lepidoptera or files; 
others^ like the larger dragon-flies, arc tirelessly on the wing and the 
rapidity of their movement has given them a mimber of colloquial 
names, such as arrows, devil's darning needles, snake doctors^ and 
spitidlcSf and this and their general conspiciiousncss have given 
them a w^hofiy undeserk'ed disrepute. Certain flies are also im- 
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mcnsely speedy, their compact thorax, powerful musculature aud 
single piiir of v^ry efficient wings seizing to drive them at a rate 
wliich, in proportion to their size, is tnily remarkable. Thus the 
horse-fly is able to outstrip the swiftest hon^. The rate of vibra¬ 
tion of the conn non hoasc-fly's wings, which produce approximately 
the sound of F, has been computed to be about 21,000 times a 
minute or 33o times a seooud, and these figures have been con- 
fimuHl grapbicatly by Maroy, who found that the fly actually 
makes 330 wing strokes a second (Packard). 

The tcifijrs of insects are never homologous with those of the sev¬ 
eral vertebrates which have attained flight, the pterosaurs, birds, 
and bats, for here the a’ing is always a modified fore limb, w'hereos 
in the insect it is merely an expanded and highly modified portion 
of the body-wall (see Fig, 12), The wings of the ancient insects 
such as the Paleozoic cockroaches were more homy and that is 
slilJ true of the fore wings of the lowlier orders, Orthoptem, 
Hemiptera, and Coleoptera. Secondarily they became membra^ 
nous, and finally, the complex oi^n in its venation and embellish¬ 
ment that we find in the higher tjTpes, Insects' wings also differ 
from those of the vertebrate in their flatness, for the upper and 
lower surface, with the exception of the beetles' horny fore wings or 
elytra, are practically the same, whereas in the bird especially the 
upper surface is convex and the lower one concave. The motion 
described by the wing also dilTera, for that of the inseet moves in a 
figure S, while the bird’s motion is simpler. This may be due to the 
form of the wing which when vibrated bends in such a way as to 
describe that curve, or may be due to the method of articulation 
of the wing with the body. In many heavier insects like the beetle 
the creature is like a biplane, the wings being quite separate, and 
in some instances the elytra are not vibrated at all but are merely 
supporting planes, the hinder membranoua wings constituting the 
motive power. Again, a.s in the bees, tlic fore and hind wings are 
articulated together by a scries of hooks so that they move as one. 
It is notable that among the stviftest insects, the flies, the creatures 
ore monoplanes, which is equally true of man-made flying ma- 
chiiic&. 


The origni of flight m insects « not surely Gegcnhaur would 

den™ the wings from the leaf-like tmchciJ gilLs of width we haw spoken 
There is, however, no insect known in which such a gill may be seen in a 
transitional state of development into a wing, and between the largest 


INSECTS 


417 


and Hicst giU and the snuilleet fiftructure which could possib^v 

support the creature in flight there is a material gap. Some interiiiedkte 
function between respiration and flight aecma necessoj^. We CJin inmetne 
an overiappiof? of functions^ but it is diflicult to (.conceive of the progressive 
developtnent of a teaiporarily useless organ^ unless by the unproved theory 
of orthogenesis or the occurrence of bnisque mutations to eloiie the gap. 
Another theoiy' of origin of wings, however, seems to bear the eonfinna- 
tion of paleontology. In Carboniferous and some Permian insects all 
tliree thoracic segments are more or Ikss alike and the prothomac does not 
show the various degrees of specinliaation in later fonne^ But what 
is ev'en more signlBcant is the pretience of lateral outgrowths on the flrst 
thoracic segment wliich resemble small wings (see Figr 120,A), So many 
unrelateti Paleoisoic groups diaplay these wing-flapB that ft swms likely 
that such structures were present in the ancestors of all flying insects^ In 
all probability similar flaps were preiicnt on all three segments and for 
some imason only those of the second and third segments developed into 
functional wings w hile those of the Bret, after peraistinR for a w-hile, 
gratluahy disappeared as aborted structures. Certain modem inaecta 
ahow a simitar tendency; diminishing the second pair of wings wliich in 
their ancestors w^ere nearly or quite equal in size to the first pair. This is 
true of the May-fiiesj the dragon-flies, and those of the Hymenoptem in 
which the reduced hind wdngR arc articulated to the fore winj^ so tliat 
both act as one. The tendency culminntes in the true flics or Diptera in 
which mere vestiges of the hind wingi remaiD. This docs not in the least 
impair the function of flight, for the flies are among the swiftest of inaecta. 
An amUogy with the development of the atr]>lane may be seen, for both 
the insect and machine were at first biplanes^ the function of support 
being ;issumed by a single surface, until t!ie con^lition of s monophiue has 
been reached. But here the analogy ceasestj for in the insect the functions 
of support and propulsion are combined in the same organa but arc sepa- 
rated in the plane. 


The development of flight among iitsect^ implies therefore, first, 
a departure from the old terriGstrinl habitat into the water. If this 
were done by a small insect, w hieb was probably the case, the only 
adjustment necessary wrould be a reduction in the thicknesa and 
fimmess of the cuticle so that the entire body might subserve the 
respimlory function. The insect was doubtless one of those living 
in damp situations, such aa the pre^eiit-day Thysunura (Aptera)* 
These forms have retained the ancient habitat and probably have 
per^sted with little change from remote geolo$dc time. With in- 
oreofio in size and consequent muscular devclopmeatT how'ever, 
came a thickening of the cuticle and a consequent localization of 
the respiratory function. Gilb arose through a necessary increase 
of respiratory surface, resulting in outpushings of the thinner por- 
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tions of the body-waJl, These, which may be caUed blood gille, 
served to a&rate the blood directly through their surface. Their 
subsequeut invasion by trauhe® followed, so that the blood merely 
acted as an intermediary between the tracheal air and that in the 
surrounding water, and finally the tracheal gill was perfected. Kext 
came the dilfereatiation of the gill into a respiratory and a protec¬ 
tive part, the latter becoming inovably articulated w ith the body to 
aid in renew'ing the water over the respiratory gili. The stibsequent 
enlargement of the gUI-cover to embrace several giJIs, the suppres¬ 
sion of the latter when, at the last molt, the creature reeincrged 
on land as an adult, the use of gill-covers as imperfect wings, and 
their final perfection as organs of flight complete the process. This 
implies of course a single evolution of flight on the part of a primi¬ 
tive iiisect out of which all of the orders, except the Aptera, have 
subsequently arisen. 

Other theories of wing origin have been proposed, such as latertd 
expansions of the dorsal wall of the thora-x, which seiwed first as 
airplanes for a leaping form, and subsequently became hinged 
and muscled; but the theory of the tracheal gill origin seems to have 
the weight of evidence in its favor. 

Geological, History 

Ancestral Stock.—Handlirsch has demonstrated the primitive 
character of the trilohites (see Fig, U7), Pa1eo7oic arthropods the 
true position of which was long in doubt and which he holds to have 
been the original stock out of which arose aa independent pbyia 
the ^-arious arthropodan classes. Out of the trilobites the Crus¬ 
tacea were first dUferentiated, and from this line arose, in the 
cotirsc of time, all of the gill-breathing shrimp- and crab-like forms 
together witli hosts of leaser allied creatures whose descendants 
teem in the fresh and salt waters of to-day. 

Of the arachnoids, the scorpions also arose from the trilobitea 
through an internictliate euiypteroid ancestry, of which a lone 
survivor, LiWiiliw, yet lives—the only living giU-breathing rep¬ 
resentative of the class. The ancient euryptericls of the Ordo¬ 
vician and Silurmn (see Chapter XXVlll) were also related 
to the iLmuloicls, but like the vast majority of the latter they 
have entirely ceased to be. Scorpions are especially noteworthy, 
for specimens of Pal^ophonus found in the Silurian rocks of 
Scotland and England, and Prosesrpias from the SUurian of 
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Fifl, 117— Trilobite, Trituihrua regtonJtL 1, dorsal, S, ventral aepeet, 
Tnice natural aw- (After BeecherO 


New York are the firEt recorded relics of air-breathing animals 

Fig. 118 ). 

The myriapods are seemingly difficult of derivation from the 
trilobites and yet there arc certaiii Carboniferoos mynapod4ike 
forms whi(;h suggest relationships between the two groups even 
here. 

Handlirech would derive winged iiisecta directly out of the 
trilobitee^ setting aside the primitive Aptera as degenerate forms. 
There seem to be many difficulties^ howe^^er, in the ivay of this 
assumption, even with the Aptera as an intermediate stage. G. C. 
Cramptout although using but a single structure, the mandible, by 
way of evidence, proves, nevertheless, that a great many intcrv'en- 
ing stages must have ejdsted between the rather complex structure 
in the trilobite and ita simple homologue in the insect. His hypo- 
tbetical ancestor stock is therefore truly crustacean, “anatomically 
intermediate between the Mysidaoca on the one side and the 
Syncarida on the other. . . . Starting from this common source^ 
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the lines of descent of the Inaectft were paralleled on one side 
by the 'higher' Cruataoen and on tlie other by the lines of descent 

of the Symphylo- 
Paiiropoda ” (myriar- 
pods). He further 
Gonelndes that the 
Cmstacea not only 
approach clascly to 
the inscctan type, but 
that they also furnish 
Us with a long series 
of intermefhate stages 
connecting the insect 
tj^ws of structure 
with the lower arthro¬ 
pods, such as the 
trilobites. 

Fig. nSr—SiliiriiLii acerpionH, reatGfcd. A, Pal^ Primai Insects,— 
ephmus nuTiciuB, do™l aspect? H, P. hunien, ven- The Palieodictyop^era 

tive \Siinged insects, 
appear fii^t in the Carboniferous and are thus described: 
insects of primitive organization, with a relatively smaU head 
bearing masticating mouth parta. The 
three thoracic segments were simiJar, the 
second and third bearing nearly equiva¬ 
lent wings, the venation of which was 
primitive. These were appareiitly 

incapable of being folded backward over 
the abdomen, their motion being limited 
to the vertical plane. In addition to these 
wings, another pair, rudimentary in char¬ 
acter, were sometimea bomo on the first 
thoracic segment. The abdomen con^ 
eisted of ten similar segments which often 
bore lateral lobea, sometimes ser\nng as 
tracheal gilLs (see page414), in addition to Barrande, fmm 
which a pair of long cerci were home on the ^ 

Urminal sesmeDt (see Fig. 120). The legs, of which there were the 
normal insect niimber of six, were similar and adapted for walking 


^ Fia. 119.—-Primitive trilfr 

bite, priacaf Onjovi-- 

cian,^ HoheniiA. A, right aide; 
B, doraal view* Enkii^ed, 
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The^!e archaic io^ta were probably all eomivoroua, their young 
being aciuatic in habit and developing into the adult state without 
a complete metamorphosis^ that iSp without a quiescent pupa 
stage (see page 407). 

Transitional Orders.—The Carboniferous saw" the ri^ and pass¬ 
ing of tills group and also the origin from certain of ita members 




of the varied transitional 
types w^hich were in turn 
to evolve into the mocierD 
orders. These were also 
comprehensive or synthetic 
typesf combiaing in certain 
instances the cliaracter- 
istica of the ^veral orders 
to which they eventually 
gave rise. Such, for tn- 
stance, w'ere the Protodo* 
nata, intermediate be¬ 
tween the Palaeodictyop- 
tera and the Orthoptera 
or dragon-fties^ the Protfr 
phemerida, leading to the 
Ephemerida or May-flies; 
the Protorthoptera^ ances¬ 
tral to the Orthoptera, the 
gniua^opperSp crickets and 
the related phasnnds^ ear^ 
wigs and the like. Another 
of these transitional groups 
w'las the Protoblattoidea^ 
primitive roach-like forms 
ancestral to the cock¬ 
roaches (see Fig. 121) ^ ter¬ 
mites, book-lice, bird-lice, 
and beetles. The other familiar orders such as the Hemiptera or 
bugSj the Hymenoptera or bees and ants, the Lepidoptera or 
moths and butterflieSp and the Dipteia or flieap ore of later origin^ 
although from the same Carbonifemus Palaeodietyopteron stock. 
All of the PalcoKoic insects w ere large, and this was especially 
true of those of the Carboniferous, for a cockroach of the Middle 


Fig, 120-—PaleoKaic insects. 

and B, Eahtspiax donidsif primal 
wingwl iii»C!tfl or PalMdictyoptcra. (After 
Haadlirscb.) 
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C arboniforoua aa loog as oiie^s fiDg6]’j while certain dragon¬ 
flies attained a wingHSpread of 29 inches. Large slzo tiaiially ac¬ 
companies laok cf other specializatLon^ and so it was with these 
creatures^ all of which were of relatively simple camivoroiia habit^j 
with adaptations showing aa yet none of the intricate detail which 
characteri^ea the insecta of to-day. All were voiceless^ none had 
special larva or pupa forms, hut in the fem-like venation of the 
wings of the roaches, for inst^ce, the first tendency toward pro¬ 
tective niiinicry is seen. 

All plant nature at this time w'as monotonous and the insects 
reflect the aspect of the period. Not alh however, were amphibious, 


for in certain of the IninBitjonal 
orders, Protorthoptera, Proto- 
blattoidea, etc,, the ancestral 
waters had already been for¬ 
saken even by the young. Thus 
the insecta paraUel the emergenoe 
and evolution of the contempo- 
rar^i' vertebrates, the amphibU 
ans and reptiles fsee Chaptor 
XXIX). 



During Carboniferous tune,^ 
the climate was mild and humid, 
with no dry seasons nor colcl win¬ 
ters to cause periodical cessation 


Fkj. 131.—nncKtral 
oockmarti. (After Jlandlirsch.) 


of insect development. Thia clinmtic condition is attested by thfc 
fact that none of the trees of this tune show annual rings of groa'th 
Hence the insect activity was continuous and no adaptations to 
withstand periods of inclemency were necessary. With the Per¬ 
mian, however, came aridity of increasing severity, and glacial 
conditions of an austerity even greater tlian that of the Glacial 
^nod of the Pleistocene. This meant a profound alteration of the 
face cf nature, not only of the plants but of the anim.^k ...» t*. 
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of those times would imply. When they again appeared the old 
transitional groups had given way to the modern orders, many of 
which had acquired the ooinpletc metamorphoais with an adaptive 
resting or pupal stage. This stage may well have arisen as a re¬ 
sponse to periodic inclemency, hut it made posGihlc the profound 
reorganization which the insects of complete metamorphosiii ^ 
undergo, and the consequent remarkable adaptations of so many 
of the modern adults. Thus it was in the Trias that the first in- 
sceta with complete metamorphoses appeared, including the first 
true beetles, some of which forsook the universal carnivorous 
habits of their Paleozoic ancestry and fed upon wood. 

In the Lias or lowermost Jurassic, the remains of fossil insects 
again become abundant, many of theni reminding one strongly 
of modem forma and showing in some instances adaptation to a 
plant diet. In the Middle Jurassic (Dogger) occur the first Lepi- 
doptera and in the Malm (Upper Jurassic) the first Ilymenop- 
tera. These w'crc probably plan^feeders, but owing to the absence 
of flowers none could have had the honey-feeding habits of tlieir 
descendants. 

Higher Orders.—The Cretaceous, however, saw the great devel¬ 
opment of the dicotyledon flora which before its close bad be¬ 
come essentially modernized, ao much so that the trees and flowers 
would probably have had a very familiar look even, to our modem 
eyes. This change had a wonderful efi'ect upon the insect hosts, 
for flowe^fecdlng forms were now possible and through mutual 
interdependence the insects must in turn have stimulated the rapid 
evolution of floral adaptation. 

Terdiaiy InsectB.—With the coming of the Tertiary the entomo¬ 
logical aspect of nature again changes and there appear all of the 
higher orders in contrast with those of the Lias. ISow for the first 
time occur the social ioseets—termites, ants, bees, and wasps 
a.s weU aa the insect parasites of warm-blooded animals. The 
development of insects during and since the Tertiary has bwn 
along the lines of maiv'cllous increase in the number of species, 
high specialization, small size, parasitism, and communal life. 

Summary.—Three gieat events of geologic history stand out 
as the impelling forces of insect evolution. The primal cause for 
the origin of insects from their trilobite ancestry was the great 
development of the Land flora and fauna in the Silurian and more 
especially in the Devonian. The Paleozoic insects of primitive or 
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transitional types thus arose and flourished but tvith conserve' 
tiveness, except for siae, until the second profound event occurred. 

This second cause was the great cUmatic change in the Permian, 
which eliminated so many of the archaic forms and introduced a 
new condition, that of complete metamorphosia with its attendant 
chain of possibiUties, into many of such as 8un.'ived. 

The appearance of flowering plants in the Cretaceous completed 
the work and there were consequently evolved into being the 
higher orders which are so largely dependent upon flowers or 
flowering plants, either directly or indirectly, for their sustenance. 
Thus, as Handliiscb says: "Through the study of the paleontology 
of insects we again see clearly how great was the influence of the 
changes in the outer living conditions on the origin of new forms, 
and we see further that the environmental conditions led ofttimes 
to a remarkably rapid differentiation." 
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CIUPl’ER XXVIII 
ORIGIN OF VERTEBRATES 

We have ia the two precedLog chapters diacusscd the evolution 
of two of the three great lines of descent which the animal kingdom 
includes. The third linei that of the vertebrates, is to be the sub¬ 
ject of our research from now on, to enable us to coiiipreheDd in 
full the pbce in nature held by mankind. 

Definition of a Vaidn^ 

Notochord.—Vertebrates, or to use the more comprehensi\’e 
term, chordates, have several diagnostic characters which are ab¬ 
solutely distinctive, separating them sharply from all other forms 
of life. Of these, the first is the possession of a notochord (Gr, 
rwToj, back, and x^P^i cord). This is an internal axial stUIeii- 
ing running lengthwise of the trunk and serving to resist the bodily 
shortening w'hich the contraction of the muscles would othenvise 
cause. In its most primitive form the notochord is membranous, 
composed of cellular connective tissue, the cavities of which are 
so distended with fluid as to render the whole structure turgid, re¬ 
sistant to pressure, but highly elastic. Later the notochord becomes 
cartilaginous, to be replaced in higher forma by the bony verte¬ 
bral oclumn consist'ing of a number of short- but often complex ver¬ 
tebra? separated, for mobility, by cartUa^noua mtervertebra] discs. 

perforated Pharynx,—The development of apertures known as 
^-filits through the walls of the phaiymx or throat cavdty is the 
second cbordate character. These vary in number from a pair to 
more tlian a hundred (AutpitMurtis) and are alwaj-s present, but by 
DO means always retain their ancient respiratory function, for with 
ourselves and other mammals, the slits, of which there are several 
pairs in tlie embryo, are reduced in number until but one pair ia 
left and these form the eustachian tubca which serve to equalize 
the air pressure on either side of the ear drum by connecting the 
middle ear with the cavity of the throat. 

Neurocoele.—The third diagnostic character is a hollow nerve 
cord, the so-called spinal cord, which lies immediately above the 
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notochord or the vertebra] ooliimn. Thb may be a very simple 
structure, or its anterior portion may inereaBe and develop 
until in its highest expression, the human brain, it has formed 
what IS probably the most intricate thing in nature. In every case, 
however simple or complex it may be, the internal canal or neuio^ 
cffiie persists, though exceptions may be said to exist in the tuni- 
cates or ^-squirts, which are striking examples of degeneracy 
i^ultmg from sedentary life (see page 434). In them the active 
larva has a nervous sj'Btern which conforms to our definition, but 



Jlo. m.—Dkgram of A, anterior end, P, oiHtenor enit 

i'triopora; br, bmin; oe, ceatnU ^ 

banddfuvomerea^: miA. tnriii+h-_i,_i. .j/ hvcjt, m mu 


bands(ayomei«)i mouthTii^'; 

apdnsi cord. (After Parker ^ 


m the adult it b reduced to a single ganglion, or mass of nerve 
ms^tterp with no tt^ce of the neuroctcle. 

Other C^cters —Other dbtinctive features are usually shown 

shoatna inTh ^ Begmentcd, the segmentation 

vertebral column, ribs 
and breast-bone, and m the muscles of the trunk When naired 
limbs are present, their number never exceeds four, while fn t^ 
invertebrate there is no such limitation. Finally, thei^ is ap- 

bltf ,‘hr„ “ ‘ke Sver^b £ 

ol the nervous system lies the gut and the blood 

*^ii tnie. in the inverts 

bra e he body-wali is equally thick throughout, in the ve^ 

brate there la a remarkable thickening or concentratinn fd iha 

It is, themfore, this group of forms, oomprbiug the degcuemte 

^ttle h unprogmaaive Amphi^s, the fishes, amphibbns 
mptiles, birds, mammals, the last of course including man thaHS 

the lime, place, and source of vertebrate beginnings 
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Time of Origin 

The chofdatcs are a very ancient race, dating back probably to 
the beginning of Paleozoic time, although the tangible record of 
their existence commences with the fragmentary remains of ar¬ 
mored "fishes” (oetracodemia) found in Middle Ordovician rocks 
near Canyon City, Colorado, in the Big Horn Mountains of \Vy^ 
ming, and in the Black Hills of South Dakota, But these relics are 
those of creatures which had already traveled far along the evolu* 
tionary road and, according to most authorities, do not represent 
the most primitive members of the chordate stem, Heocc we may 
safely say that the time of origin was not later than the b^inning 
of the Ordovician, and probably long before. There is, however, 
little chance of finding the geologic record of the ancestral forms, 
if, as we may suppose, they were eoft-bodied, delicate organisms 
without hard parts for fossilisation. An apparent exception lies 
in the little "fish pbte,” Eoichihys himeUi, discovered in the Cam¬ 
brian shales of St, Albans, Vermont, in 1926, Later study shows 
rViia fragment to have been madnterpreted, so the Ordovician 
record still stands. 

Place of Origin 

The rriAin contrast between invertebrate and vertebrate animals 
seems to be that, as a whole, the former are static organisms with 
little or Qo power of locomotion, while the latter are essentially 
dynamic. There are of course exceptions in each group, for the 
cepiialopod molluscs, stjuid, etc,, are splendid locomotor types, 
and some chondatea have become sluggish or even fixed as an out¬ 
come of aedentary habits. Whether or not this contrast of type is a 
result of the physical environment, invertebrates to static marine 
waters and the vertebrates to dynamic fresh-water streams, as 
Chamberlin held, is not at all dear. The moat primitive chor- 
dates existing to-day—-tunjcates, Amphiosus, etc. are marine, 
inhabiting for the most part the flatsea (see page 65), where they 
lead a wholly or partially sedentary life. 

That this is therefore the ancestnii habitat seems at first sight 
plausible, yet within thia area there seems to be lacking the neces- 
aaiy physical or external stimulus to impel the evolution of the 
chordate characteristics, especially segmented body muscles and 
the notochord, Perhaps the strongest stimuli would be escape and 
pursuit and the need to remain in the emdronment. The cepha- 
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lopotl locomotion, acquired in the sea, is largely for the former pur¬ 
poses and is based on an entirely difloient principle from that of the 
chordate. There are, however, among the segmented worms, ma¬ 
rine forma which Bnim by a wriggling or undulatory movement 
comparable to tliat of the vertebrates, except that it is up and down 
or dorso-ventral, instead of from side to side or lateral. There is 
no reason, however, why the sea might not have produced the one 
as well as the other. Briefly, Chamberlin invoked the dynamic 
rivers which would give the nnduiatory movement, extrhisically, 
to a tjassive elongated animal temporaiilj- anchored by the mouth. 
He imagined that the creature might learn to produce the same 
movements actively, in order to avoid being swept out of the en¬ 
vironment into the sea, and thus develop motor organs accord- 
mgly, an idea which has had very' little general acceptance. 
Frankly, wc do not know the place of origia, nor is there any direct 
evidence which can be brought to bear upon the problem. 


Ajtixslral Stod!9 

Several theories have been advanced to set forth the claim of 
this or that invertebrate group to veHebrate ancestry, but none 
of them is at this time capable of adequate demonstration. Of 
these, three are based upon the assumption that a segmented an¬ 
cestry' IS necessaiy to account for the segmentation seen in tlie 
vertebrate, an inference which is not necessarily true, as segraenta- 
tion may rearlily have arisen anew in the chordate phylum as a 
response to such conditions as those postulated by Chamberlin 

Aimebd Ancestry.—Ihe iii-pothcsis of annelid ancestry for the 
vertebrates derives tlie primitive cliordate from the phylum Anne¬ 
lida, typified hy the earth- and marine-worms. In many of the 
principal organs there is a marker! correspondence, with the excep¬ 
tion of the general revemal of the relations of the various parts to 
one another. For, as we have seen, the relative position of blood 
and nervous systems is diametrically opposite in the vertebrate 
and invertebrate gmups. But by postubting a ph^-siologi^l ro¬ 
ver^ of the ammal^nd we know that in the rioun'der and squid 
such a change from the morphologicaUy normal posture can take 
pbee the vanoiLs organs of the worm may be brought into almost 
mmplete hanimuy with those of the vertebrate. Perhaps the great- 
tet difficulty li^ lu the development of the notochord, but even 
tJiLs seems to have its annelid prototype in “the 'Fasersttang,' 
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bundle of fibers running along the nerve chain and serving as a 
support. This and the notochord lie in a precisely simibr position 
in relation to the other organs, and in both cases they are enclosed 
with the nerv'c cord in a commoQ sheath of connective tissue” 
(Wilder). 

The reversible diagram shown in Figure 12S shows quite clearly 
this correspondence of parts. In the annelid position we see the 
mouth at m, from which the ccsophagua arises, passing through 
the neiw'ous systeni and connecting with the long straight gut, 
////, which terminates at the posterior end of the body at the 
anus, a. The nervous sj-steni consists of the large supratrsoph^al 
ganfdioTi or brain from wbieh nerve connectives run, one on either 
side of the oesophagus, to the ventral nerve chain. The main blood¬ 
vessel lies dorsal to the gut and another lies beneath it. These are 



Fia. laS.— ReveTBible ditigram illuatmtinK the annelid theory of vertebrste 
orijtio, Revcmible aymljolB, applying to both forms: W, elimentftTj'^caiifll; S, 
brain; X, nerve eotd. .^inniiid syoibola: o, anus; m, mouth. Vertefimta 
ffj'mbols: NT, Dotuehord; pr, proct™teijm (anus and rectum); rt, stomodasum 
(mautli and pharynx). (After Wilder.) 

connected iu the anterior regioQ by semi-circular pulsating vessels 
or “hearts" which cause the blood to flow forward in the dorsal 
veisel and aft in the ventral one. Reverse our diagram and the 
form becomes a vertebrate, the blood now flowing forward in tbe 
pul'ating ventral aorta which aervTS as a heart, the ancient semi' 
circular "hearts” having rehnquiahed their primal function for 
that of respiration, since the gill-stits arising between them make 
them the branchial vessels. .\3 in the anneUd, the mouth is again 
on the ventral aide and this eau only be brought about through 
the abandonment of the old anti the formation of the new one by 
an inpualiing of the body-wall at sf until communication with the 
gut is effected. This Btooiodasum mouth, and iatEtr, 

to divide) is balanced at the hinder end of the trunk by the new 
hind gut, the proctodieum (Gr. ffpuJiTdj, anus), jjr, the ancient 
intestine in the tail region being aborted. 

The bniin and nerve cord arc the homologues of the supraccso- 
pbagcul ganglion and ventral nerv'ous chain of the annelid. Indica- 
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tion» of the auE^ient mouth are seen in several structures such the 
Bcuropore in the embryo of Amphioscm^ which forms in this place 
a direct communication between the cavity of the ner\'e cord 
(ncuroccclc) and the exterior and h otherwise unaccounted for* 
Other indications of the early mouth and its oesophagus are the 
fourth ventricle of the brain^ a ca^dty which lies exactly in the 
place where in the diagram the annelid (esophagus pierces the 
nervous system^ and also the hypophym^ a structure attached to 



Flto, 124—Horaesboe crab, LiWia, doraftl, and B, ^entml 
(After Leui^artr from Parker sjid Haaw^IL) 


the lower side of the mid-brain, part of which is pushed up from 
the aUinentary canals and for which there is as 3^^t no satisfactory 
explanation. 

Add to all this the remarkable correspondence of the kidney 
tubes or uephridia of the annelids and vertebrates^ and the evi¬ 
dence IS presented^ ^Vildcr saji'^ in sumniationi Convincing as 
these comparisons seem when taken by thema^lvesj the influence 
of later mvestigation has tended rather away fmm the annelid 
hypothesis, and at present, although them are many investigators 
who seek the ancestor of vertebrates in some worm-like form, there 
are few who wish to definitely assert that this ancestor was an 
annelid. 
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Arthropod Ancestry.—In additioix to the annelid theoiy, some 
authorities have tried to prove vertebrate descent from Arthro- 
poda, especially from the more primitive arachnoids such as are 
now represented by the scorpion and the horseshoe emb 
Fig. 1^) and formerly by the evtinot Merostomata (Fig* J25). 
By this hj^yothesis we must set aside as primitive such form^ ae 
Amphtjarua and the cyclostomes and start with the highi 3 ^ spe¬ 
cialized ofitracodeime which 
lived in Ordovician and Dev¬ 
onian times and thus were 
Conternijoraneous with and in 
general appearance and prob¬ 
able habits quite similar to 
the Mcrostomata. The soft 
parts of the Merostomata are 
of course unknowTi^ but it is 
reasonable to suppose that 
they were not unlike those of 
the related scorpion and Limu- 
lus, and, as Fatten has shown, 
especially in the brain and 
cmnial nerv^ of vertebrates 
and the fused cephalothoraeic 
ganglionic mass found in such 
orachnoidSp there are many 
points of re^niblance. Then, 
too, the sense organs^ espe¬ 
cially the eyesj are more or 
less eomparable* and there is 
in Limidus on internal skeletal 
piece known as the ^^endo- 
cranium” or stcminn w hich ser^'es to protect the centM nerve 
complex, and which in general form and in its relation to other parts 
resembles the primonitiM vertebrate akuli, Simikritiea also ejdet be¬ 
tween tlie lieart and arterial systems of each group, and the append¬ 
ages may be compared. There are, again, the very arthiopod-liko 
jaTi's which Patten has demonstrated in the ostraeodenn BoUirio- 
lepis, a type which, on the other hand, shows many vertebrate-l^e 
characteristica; and the general arrangement of the plates by which 
the cephalothorax is covered is also very similar in the ostraco- 



rio, 125.—MeroBtome, EurypleroM 
jiseft^rip SaJurion. {After NiCholsoQ nnd 
LjtleJckcTj froni Parker and HflpffwtU.J 
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derms and co&tentporary arachnoids, but unfortunately for the 
argument Bothriolepis ia a highly epecialiscd end-form from the 
Upper Devonian. Nevertheless^ while the arachnoid theory haa 
been set forth by GaskelJ (TA^ Origin aj V^tehrak^^ 1908) and by 
Patten (The EuoMi&n of the Verlebraies and Their Kin, 1912), the 
main thesis has received thus far but little recognition, although 
the evidence^ especially in Professor Patten's book, is based upon 
an aduurably executed piece of research. 

Amphioxim Ancestry*—Tho theory of Amphioxus ancestry 
places especial emphasis upon the notochord, the gill^lits^ and the 
dorsal position of the central nervous a>^stein, and by means of these 
has traced the Udc of vertebrate ancestry through a series of transi¬ 
tional forms, externally very^ unlike one another and each some¬ 
what isolated in its systematic position {Wilder). Of these, *4?™- 



Fio. 129.—OsLructiderm, miUeri, louver Old Red SandMcme* 

Bcotland. A, dorml, Bp ventral, and C, lateral iiaiiocta. ap^ pair of lateral 
appcndfigcs; f, ioinl in uppcaitiafie- aupposod upper jaw, with netch^ for 
aarial opeomgH; ep, opercdiun; orh, orbile, (R^temtion by Traquair.J 

jihiorus, the lancelct, stands nearest the true vertebrates, in fact 
it h nearest the diagranimatie vertebrate of any Ihing tjije, al¬ 
though, owing to ceriain speciaUmtions, it can hardly be considered 
a true atem-fonn. The laneelet was fimt described in 1778 as a 
fiheUdess snaU or slug, and was named Umm tunceolaiu^. It is an 
inhabitant of the shallow sea (see page 55), being found off the 
coasts of all parts of the worlds Diere arc sixteen known apecie^ 
most of which are recorded from tropical and suthlropicd shores* 
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mainly between latitudes 40^ N, and 40* S, In habits they are 
\Qry aetlentary^ Imng for the mo^t part partly buried in the sand 
or mud in a nearly erect posture, 'with the iinterior end protruding. 
Aside from their primitive ebaraeter, their world-wide distribution, 
coupUal with setlentary habitSp points to a ver>^ great antiquity. 
As fciryailap howeverj the}- are thus far entirely unknown and prob¬ 
ably always will be. 


Descriptim of Amphhxm {ma Fig. 122 )—The bDd3" i^ laaeeolato, 
compressed, mthout a dlHinct head, but with an eTtpaiisivc hocKl Iike 
Btructare surremnding the niQuth, which is situated beneath the ^nout. 
Tliefe are no paired hiiSi hut a pair of longitudinal Cold^, the nietapleurcs, 
one on oUlier side of ihc body along the ventml msirgin, suggest their 
possible origin. There b a slight inedisn fin nintiing alotig the back and 
siip]>orted by delicate bkcletni elements niembrnhous in character. Anotuid 
the tail this fin expands into a caudal which extends forwarrl on the ventral 
stdo Ixvyond the anal opening, thus dtsplacing tile tatter to the left of the 
median line. 

A cDoapicuous feature is the regular aegnicntation of the muscijlar 
plainly visible through the transparent the side muscles 
being divided into a large nultvlxir ( 04 of V-s^ha|wd mj'oiTieres (Gr. 

mnscle, and part), o^leh with the apex pomting fortvard. 

These do not precisely corresptmd on the two sides of tbo animfll, ancl by 
their successive contractLOQ and relaxation they produce the nndulatory 
movement of the body hy means of which locomotion is elTccted. The 
notochord has ftlroad^' been described and at?o the fact of its continua¬ 
tion to the extreme end of the snout, instead of ce&sing beneath the mid- 
brain as in all higher vertel>ratcs (Cranbta). 

Lying along the dorsal side of tliLy notochord and enclosed with it in a 
connective tissue sheath is the cent ml ner^'Otts system, coinpamble to 
tliflt of fishes except that it hck-S an expanded brain other tlia]i .-i slight 
enlargenientr The only definite ^niie ou^ns are an olfacU^f^^ pit on the 
left side and a single median pigment spat which sEi^'es for the pereeptian 
of light tmnsniitled tlirough the traiLsparent body. 

The tdimenhiiy eannl lies beneath tlie notoehorth and con^isb^ of the 
mouth and a large pliaiyiTX that extend^ more titan half the length of tlire 
bsxiy' and is pierced by numerous gill-slita^ fh^ intesstine ruas direetly 
backw'ard, terminating in the laterally situated amis. There also arise 
from it ventraJlv a hollow ontpushhig known as the liver. 

The circulatorj^ ^^*71010 is conipamble to that of other vertebrates but 
is much simplerp and the heart is represented by a pulsatory ventral 
aorta Lying beneath the phaiy^nx^ The blood, howeverp is colorless. 

It wilt thus 1>e seen that Amphi^^us is a very aimpb “verte¬ 
brate/* specialized a little along certain lines, but wdth several 
structmea of such fundajmental importance that they must ba 
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borne in mmd in our search for yet more primitive forma. These 
strictures are the notochord, the dorsally situated nm*e cord, 
and the phar>^n_v perforated by gill-slits and pro\idGd with an 
endostylc. 

The only other living creatures (except BalanoghssuSy see page 
435} which possess these structures during any iiart of their career 

arc the tumcatesf some of 
which arc planktonic^ otliers 
mere planktonic^ in that 
while they have active lan^ce 
they soon settle down and 
become wholly sedcntai^" in 
their habits. These seden¬ 
tary fortusj curiously 
enough, have retained more 
of their primitive characters 
than those which are plank- 
tonicj as their larvse are 
comparatively undifferen¬ 
tiated. The free-swimming 
forms, on the other handj 
are often modified in a re^ 
markable way and may 
liavc so complex a life-his- 
tor^^ that the old-time chor- 

T ^7 T ^ j j TV r characteristics have 

i jGl 127.—Tumcate, jlacifliiU. Digram of ■ * j.- i ■ 

lonplwdmal section from loltBide, Test uid entirely deappeared, 

mantle recnovDcl. aa, aiuts; atriuin^ oirsp They always, however, pos- 

atriiiL (Mhajent) siphon; gonoduci; Ai, g^ss the clll-Klits excent in 

heart; ftj^f>,liypophyjim; nijTDimdcjim, nerv^o . . i , ,. . , 

a, oeaophfigua; oip omi (inhah^t) locomotive mdivid- 

aphen; £Wj ovary; rectum; isHg^ stis- tials among the colonial 

have lost aU 

neb; test or tumc. (After l^iurtser and , 

HaeweJJ,) Orgaus except those of pro- 

pubioD^ that isj the mus- 
cles, nenesf, and sense organs. The name tunieate comes from 
the test or timic which surrounds the mtire animal and b com¬ 
parable to the shell of a molhisc in that it is formed by the 
body-wall or mantle. Thb test b unique in being made up of a 
substance closely comparable to the cellulose of plants, 

While the adult tunicate shows certain .'ImpAfoxu^Iike ebarae- 










ORIGIN OF VERTEBRATES 


m 


teristics, it is the larva in whit-h the&e are particnkrly empliasized, 
for In thk stage the ereatnrei which is tadpole-like, pofissessea a well 
developed notochord, segmented mnsdes, and a prolonged nerve 
tube with a braiD-Uke vesicle fommd which contains a pigment 
sjjot and another organ, pOi?slbly for balancing. The gill-alits are 
much fewer in number than in the adult and the endoatyle lies in 
its normal position. The heart also lies vent rally and just behind 
the cesophagiis. 

But tliis eoiuparativcly high organization is retained for a very 
brief time, a few botna onJy^ Then the creature settles doivn on a 
pair of adhesive papillse and undergoes a marked retrogTesdve 
inetamorphosb (see Fig. 23) during which it loses tail^ notochord, 
and segmental muscles' the nerve tube is reduced to a single 
ganglion, the sense organs disappear, the gill-slits increase in num¬ 
ber, and the animal, after relinquishing practically all of the organs 
that ser\ e to link it with the vertebrates, degenerateg into what is 
virtually an mvertebrate form. It is, however, evident that the 
tunicates represent a gK^up more or le«s closely allied to Amphi- 
oxu&f and hence to the other vertebrates, but that since the time 
of the common ancestor they have taken a divergent road, resulting 
in a type of degenerate adult whose real affinities are masked by its 
specif]ju^tions, Thna, as Wilder sajTs, ^^The ancestor that we here 
seek is better seen in the lan'^a than in the adult, and we may 
l>elieve that there once existed an adult animal with attributes 
like that of the tunicate lan^a of the present day, and that thia 
animal was the direct ancestor of that group of wliich Ampkwiri^ 
is now the only Living repr^entativeJ' 

Back of the tunicate ancestor there is but one know-n form which 
may or may not be near the main ancestral line. This creature is 
Baliinogtos^^f a marine worm that lives between high and low 
Water marks in fragile tubes of cemented sand- 

elongated ^vitbout internal ficgnicntation^ but the Ixdy 
is divided into four regions (see Fig. i2S), the hurmwinK pnoluKC^, a culUr 
with a free anterior edge, a flattened gill region, and a posterior trunk 
The month is situated just liciiciith the edge of the collar on the ventral 
side receives sand with its contained org;anic d^bri^. There is a targ^ 
pharynx Communicating with the exterior by tw‘o lateral rows of gill-slits 
supported bv a skeletal stmeture comparable to that seen in Amjthi^xus, 
Owing to the fact that nowhere except among the chordatea do such struc¬ 
tures occur, naturalists ha^-e sought in this animal for the other two chor- 
date characterl-^ties, the notochord and dursal nen'ona Tile latter 
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{livtr) ajcca; pr, all these larv'se may be &aid to copy ; a 

proboscis. (jVfiiir fonn ImvLng the chariu-teristlos common to all. in- 



The linftil descendants of this hypothetical an¬ 


cestor chose two paths, the one leading to the Ef-hinodennata. 
the other to th^ Tiinicata, and even¬ 

tually the \'ertehrata” (Wilder). 
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While this theory' \a Incomplete In many details, it has strength 
where the other hypotheses arc weakest in that it m based not 
alone upon adult structure but upon odtogeny m well. The weakest 
link in the chain of evidence is that which binds to 

the eehincdeims—the larva^—because the adult st ructures 



Tin. 120,—OampurieoTi of Tflrrwn'a Uirva with Tarral 4=H:hin£Kl£mi3. MaiO 
dlUtcd b^adfl in black, lcs^?cr a^^tems cross-lined- Yentnil aspects A, Tonuiria; 
li, Auri^:u£an'ci (Bea- 4 ?LjeiJiiiber); C, l^ipinnans (star-fiHh), lateral view: A^, 
Tomarm; B', jlurfcutarpa; 0\ Bt^nnaria, (iAfler Wilder.) 


arc so remote and the echinoderms give not the slightest clue in 
their bodily maki>up to chordate affinitieii. As Matthew says: 
The origin of chordates is still an unsolved problem. We cannot 
yet point to our ultimate ancestor in the Cambrian fauna. But 
whether known or iinknowTip and the latter is by far the more 
likely hypothesb, we can be pretty sure that we knd an ancestor at 
that time, and that his evolutionarj^ status was not above that of 
the trilobite, and may have been no better than a wonn.'^ 
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CIL4PTER XXIX 


EMERGENCE OF TERRESTRIAL \1GRTEBRATES 

Next to the on^ of the vertebrates from their ancient anccstiyj 
the greatest and most dramatic event in all their history is the 
ernergence from the old limiting aquatic environment and the sub¬ 
sequent adaptation to landKiwelling lifOn The sea is so changeless 
and the range of its conditions so small that evolution within it 13 
not stimulated as it is on land. Adaptive radiation of inarine 
creatures cm accomplish but little; we have seen, on the other 
hand^ what it means on the part of air-breathing forma. 

Place of EmergeTice 

The three problems which come to mind are the place, the im¬ 
pelling cause^ and the time of this important eventj and of these 
the first haa been established, for while certain creatures have for- 
aakeu the sea andj crossing the atrand, become adapted to ter¬ 
restrial life^ $uch instances are rare and in no case do they embrace 
all of the members of a class or ph^dum, but isolated genera or 
even species only. Such* for example^ are the land crabs, Birgue 
lalrOf etc., several species of which live in damp woods far from all 
water and, as they arc found on islands which, like the Dry Tortu- 
gas, have no permanent terrestrial waters^ mrist have had their 
initial air-breathing adaptation along the strand. The terrestrial 
vertebrates, however* apparently did not so emerge, but rather 
were descendants of iuliabitants of land waters, for in such a hab¬ 
itat aloue can we find a sulficientb'- great impelling cause for an 
event so far-reaching and radical in its ultimate riEsalts. Further¬ 
more, the ancestral habitat could not have been within the limits 
of the tidal zone but was beyond the influence of the sea. 

hnpelUng Cau^ 

Enemies in the Water.—Barrell has discussed the probability 
of several possible causes which may have led to the emergence of 
the vertebrates. Of these, the first is enemies in the water* which 
he deems inoperative, for among land-going fishes of to-day those 
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few which crawl on knd do not do so to escape their enemies. Ho 
also emphaslaes the balance which always obtains between camiv- 
orous and herbivorous creatures of a given habitat, and the fact 
that the amphibia go back to the waters to bring forth their young, 
and the youngest and therefore the most helpless stages are spent 
in the waters. Add to this the fact that the earliest amphibia which 
are known from their skdetons, and their ancestors, are, in many 
instances, powerful armed carnivores themselves, and their forsak¬ 
ing of the ancient habitat for personal safety seems hardly ade¬ 
quate. 

Food on the Lands.—Food on the lands is also considered an 
inadequate cause. Here tlic argument lies in the rarity of the pas¬ 
sage of crustaceans, gastropods, and vertebrates from a truly 
marine to a truly terrestrial mode of life through the ever present 
path of the tidal zone, which seems to prove that the unused 
though increasingly abundant food of the land realm cannot 
operate as a sufficient cause for this change, nor, so far as this fac¬ 
tor is concerned, do tlie river faunas liarre an advautage over those 
of the tidal zone. 

Lure of Atmospheric Oiygem—That the lure of atmospheric 
oxygen is also inoperative is proved by the small direct use made of 
air for respiration by pelagic marine Esbes even when they—the 
flying fishes, for instance—live an active life near the surface and 
in frequent contact with the air. It is principally in fresh— wti tor 
fishes tllat accessory respiratory' organs are employed and their 
use is in dir^t relation to the varying impurity of the waters in 
which they live. This varying impurity, which often means a re¬ 
duction of respirable oxygen in the ivatcr, is literally impossible in 
the sea. Streams may locally contaminate the adjacent waters 
by their load of sediment or other impurities, but they cannot 
seriously lef?scn the degree of aeration. Then, too, marine fishes 
are never confined to such localities, but can migrate should condi¬ 
tions become unsuitable^ while Avith fresh-ivater fishes may 
not be true. 

Recurrence of Unfavorable Environment—The real cause 
therefore, seems to be not the need of safety or food, nor the desire 
to breathe atmospheric oxygen, but rather an adaptation which 
has been forced repeatedly to a greater or less degree upon fishes 
by the recurrence of an unfavorable environment. Hence it appears 
as though the emergence were compelled by variations in the 
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snvimnmeTit 0 ^ measured by the amount of dissolved o?cygen in the 
land watet^j and the question atis^ whether such variations occur 
antl^ Lf so^ under what dijufllic conditions. The rec|uired clunato 
does occur in various parts of the world, but is neither arid nor 
humid, but scini-aiid—conditions which are found in the tropics 
espeeiallj% where, instead of the fourfold change of seasons whose 
detemihiing factor is temperature, there are alternate seasons 
of drought and copious rain, oeeurring in dehnite cyclea. In such 
a region during the rainy season the streams w’ould be high and 
fully aerated, hut wlicn the mins ceased the waters would grad¬ 
ually slacken their current, until instead of a flowing river of pure 
water there w ould be a succession of stagnant water pools, in w hicb 
the concentrated plant and animal life would die and by ita decay 
ciiarge the waters with impurities and exhaust their free oxygen. 
Thus we woultl get a great fluctuation of oxygen content and so a 
very variabJe environment in its ability to support water-breathing 
life. 

Under such eonditions, if life existed, a high premium would be 
placed upoD powers of scf^tix^ation, or toipidity induced by summer 
heat and drymess, or of breathing the atmosphere, or both com¬ 
bined: and a rapid elimination of the unfit, that is, of such as did 
not possess even the rudiment of this pow’^cr, would occur. 

Aiu-breatbixig FiSHIwS 

There are among existing fishes a number possessing supplement 
tary respiratory organs wdiich may be one of two structures: either 
(l) spongy outgrowths of the gills which can retain moisture and^ 
as long as it is retained, utslizE the free oxj^gen of the air for the 
aeration of the blood; or (2) a modified sw1m-bladder which may 
have one of several functions but w hose principal purpose Ls a hy¬ 
drostatic one—to maintain the fish at a given level in the water. 

Teleosts.—The firet of these sdnictures, that of the accessory' 
organ connected with the gills, is found esciusively in teleostean 
fishest a grtmp in which the air-bladder never subserves a respira¬ 
tory function. Several Huch teleosts exist, among them the cMmb- 
ing perch, (Fif?- and the mud skippers, Fen- 

i^phthabmis BdcophihalmuA, but they are gcnemlly fishes w hich 
voluntarily leave the w^ateis for mlgratiou or in pursuit of food^ and 
rarely' is their evolution the result of adaptation to the environmen¬ 
tal conditions postulated abovo. 
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The avi'im-hladder, on the other hand, ia entirely abaent in the 
two {:roup3 known aa cyclostomea and dsemobraucha and , ns we 
have seen, ia never of respiratory value in the tcleosts, so that its 
function in this direction liea in the groups between, in other words, 



Fjo. 130,—Ciimbing perth, Anabaa wandera, with gill'Caver (operculum) 
reuaoved to show accu^ry icsphratory oc$iui. (After Jardtui.) 


among ganoids and dipnoans or true lungTishea, and these fishes 
are to-day all denizens of semi-arid tropical climates, living under 
conditions of varied water aeration arising in the way we have 
described. These aii^brcathing fishes are of such importance to 
OUT argument, and are so few, and represent so ancient a group or 
groups that some account of the individual species is worthv of 
record. It should be borne in mind, howe\'er, that these are relic 
forms, representative of Devonian time when almost all fiesh-ivater 
fishes belonged to one or the other of these two groups. 

Ganoids.—The ganoids of especial note arc specifically of the 
order Crossopterygii, or the lobe-finned ganoids, and include but 



Fra. croaaopterygian fish, Ppl,jptena delheti, COnro River 

(AFter Jordan,} 

two related genera, Polypteriis and CalamoicMhya, both .African 
in distribution. Of them the better known la Pohjpterus (F^. 131), 
of which there are several species. P. bichir “haunts the deeper 
holes and depressions of the muddy bed of the Nile, although it is 
not essentially a bottom-liver or mud-fish. It is most active at 
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night when in s«irch of food, and then it may readily be taken by 
tr^wl'linea. The lobate pectoral fina are uaed for progression, but 
their primary function is to act as balancers, and they exhibit the 
eharacteristic trembling movements so often seen in the bataneing 
fins of teleosts, Pduptems does not readily live out of water, 
rarely longer than three to four hours, and then only when covered 
with damp grass or weedsr E, &tcftir is said to feed on small teleosts, 
which it swallows whole, and to these there may be added, in other 
species, batrachians and crustaceans. The observations of Budgett 
show that in captivity Poiypfcrus often remains motionless for a 
long time at the bottom of the water, the anterior part of the body 
resting upon the tips of the pectoral fins. According to the same 
observer, the air-bladder is an accc^ry respiratory organ, supple^ 
mentary to the gills, rather than a hydrostatic organ" (Bridge). 
This air-bladder Is an out-pushing of the gut, and in the Cross- 
opterypi arises from the ventral side of the gullet and is a paired 
structure eicactly as in the amphibian lung. It is not, however, 
cellular and is thus a very iuefRcient respiratory organ. 

In the genus Catonwjic/tlAys the body is elongate and eel-like in 
filiape. The pelvic fins are entirely lacking but the pectorals and 
the series of dorsal finleta are comparable to those of Poli/ptems 
except that the latter are relatively fewer. Cdlamoichthys has a 
more restricted distribution than Polypterui, being confined to 
certain rivera in West Africa such as Old Calabar River and those 
of the delta of the Niger oa the coast of Kamerun. It is a very 
agile fish, swimming Uk'! a snake and subsist Log on insects and 
crustaceans. The name signifies palm-fish, from its frctiuenting 
the mote of the palm trees. 

Neither Potyptems nor CainTtiOichthys is known fossil, but thfi 
group Crossopterygii to w hich they belong once included a lap^e 
number of important fishes. Gf these Uolopiychivs of the Devonian 
is interesting because of the intricate infolded structure of the 
teeth, which has a striking parallel in those of certain amphibia 
(labyrinthodonts). Uwditta, another form from the UpperJurassic, 
exliibits a well developed air-bladder in tbe fossil specimen. 

Dipnoaos.—Of the dipnoans or true lung-fishes three genera 
only are extant but they uever were as numeroua as the Crossop- 
terygii. The living fonns are, first, the Australian genua C'eratedus, 
or, to be more accurate, jVeocemtixiin forsicfi (Fig. 132), the bar- 
ram unda, which is now confined to the Mary and Burnett rivers 
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in Qncenslajid. This form “frequents the compiimtively stagnant; 
fHXjiB or water-bolea which alternate with shallow muii and are 
usually full of water all the year round* In these pools^ filled with 
a rich growth of aquatic vegetation, and often the favorite haunt 
of the pLatypUi* {OniUhwhyncku^)^ the fish is fairly abundant. In¬ 
active and sluf^ish in its habiis^ usually l>hng motionless on the 
bottom, the fish is easily captured by the natives with hand-nets 
or baited hooks. N^weralodus Lives on fresh-water crustaceans, 
worms, and molluscs, and to obtain them it crops the luxuriant 
vegetation of the ivater-holes much in the same way that a poly- 
chiet [worm] or a holothurian [sea-eueuinher] swallows sand for 
the sake of the included natriEnt particles. Apparently the iiir- 
bladiler is a functional lung at ail times, acting in conjunction with 
the gills. At irregular intervals the fish rUes to the surface and 
protrudes its snout m order to empty its lung and take in fresh air* 



Fie. 132.—AusLmEiaji lung-ftEh (dipnoan). hikmununds, N^ocemi&duA for- 

(After Dean,) 

While doing $o the animal makes a peculiar grunting nobe^ 'spout^- 
iDg/ as the Jocal fiahermea cal] it, which may be beard at night for 
some distance, and ia pmbably caused by the forcible expnkion 
of air through the mouth. Useful as tho lung is as a breathing 
organ under Doniiat conditions, there can be Uttle doubt that its 
value as such is much greater whenever gill-breathing becomes 
difficult or uupossihlc. This seems to be the during the hot 
season, when the wafer becomes foul from the presence of decom- 
pofiiDg animal or vegetable matter Semon records a striking 
instance of this in the case of a partially dried-up water-hole, in 
W'hich the water had become so foul that it was full of dead 
of various kinds* Fatal as these conditions were to ordinary fi-^hes, 
A'eocerafodus not only survived, but seemed to be quite healthy 
and fresh. Such observations are of esceptionaJ interest. Not 
only do they afford a clue to the conditions of life which, in the 
course of time, probably led to lung-breathmg in 
but they also suggest the possibility that a similar envinmnient 
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has l>ecn comlacive to the evolution of air-breathini vertebrates 
from giU-breathiDg and feh-like progenitors. 

*Tn spite of ite puhiioaAry rcspiratiodj Ne^erul^us more closely 
resembles the typical fishes in it$ habits tiian any other Dipneusti 
It lives all the year round in the water. There b no evidence that 
it ever becomes dried up in the mud^ or passes into a summer sleep 
in a cocoon, and the well developed condition of its gills siiggesta 
that these organ^^ play a more important r6le in breathing tbati in 
either Protopterus or L^pidosiretu The fish not known to leave 
the water, and the paired fins^ useful no doubt as paddles, are quite 
incapable of supporting the bulk^'^ body on terra firma. In fact, 
when Ne<x:£ralf>dus Ls taken out of its natural element it seems to 
be more helpless than moat other fishes^ smd in spite of its capacity 
for lung-breathing, soon dies unless kept moist b^'" artificial mcana-’^ 
(Bridge)* Neoceratiidus grows to a length of five to sis feet. 

Ccrofodwsp a fosisil aUy, Mesoioic in age, wa.s very widespread 
compared with the limited dwtribution of living relative. Its 
ver>' characteristic crushing teeth occur in the Trias of England, 
Germany, India, and South Africa, and also, more rarely, in the 
Upper Jurassic and Lower Cretuceous strata of England and iu 
Colorado and Wyoming (Morrison formation). Its remains are 
often found associate^l with those of carnivorous dinosaurs^ but 
the significance of this, if any, is not apparent, 

Frotxipterm and LepidostTen, which represent a separate family 
of lung-fiahes, the Lepidosirenidae, differ from Neocemiodus m that 
the air-bladder is a double oigan^ w’hilo in the latter it is single* 



Blo- 133.—African limg-fiab (dfputwui), Profopim'UA unnedam. (After 

frocn Dean.) 

Pr^topterus (Fig. 1^) is the African lung-fish, and has a wide dis¬ 
tribution ranging from the river Senegal and the ^Vhite Mle on 
the north to the Congo basin, Lake Tanganyika, and the Zanibcei 
on the south. The three kno™ species live in marshes in the 
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vicinity of rivers. They are carnivorous, their food consisting 
mainiy of frogs, worms, insects, and crustaceaiis, but when confined 
together they are veo’ apt to display cannibalistic traits. The 
toil is the chief locomotor oigan and they are remarkabb' agile and 
quick in their moveniente. The limbs are useless for swimmipg 
but are used for cmw'Jing over the bottom. Then they sliow a 
dehnite elbow- or kne^like Kexurc at about their mid-length. Ptii- 
topterwi ascends to the surface from time to time to breathe air 
into its luiy^s. In the dry season, however, it burrows into the mud 
to a depth of atiout 18 inches, where it forms a lining to the ca'vity 
in which it lies in the form of a capsule of hardened mucus secreted 
by skin glands. This capsule has an aperture the margins of which 
are pulled inward to form a short tube that is inserted between the 
fish's lips. The fish within the capsule is surrounded by a soft slimy 
muci^ wliich keeps the skin moist, while respiration is dfected by 
drawing the outer air through burrow and tulie into the mouth 
and thfince to the lun^. The lungs are, tlirrefore, the sole means 
of respiration during the period of lestivation, while the body-fat 
and muscle-tissues of the fish, aa in hibernating mammals, supply 
it with the necessai^' food. The dry season varies, but lasts in gen¬ 
eral from August to December, nearly half the year, \tTien, with 
the advent of the rainy season, the marshes once more become 
flooded, the capsule is djssohxd, Protoplenia emerges from its 
burrow, and resuming its active life, vety soon begins to provide 
for Its coming young. The lar^^® have much the appearance of a 
young salamander, with four poire of external cutaneous gills and 
two paire of simultaneously developed limbs. It also has chromato- 
phores in the akin whereby its color may be clmnged. As in the 
salamander, the assumption of lung-breathing is marked by a 
reduction of the cutaneous gills, which takes place about seven 
weeks after the eggs are deposited. Protopt^ attains a length of 
about six feet. 

Lepido^r^, the mud-fish, with but a single existing species, 
IS a bouth Amcncan fenn, occurring along the oouisc of the 
Amazon, entering some of its larger tributaries and also the Chaco 
Boreal to the xvest of the Upper Paraguay River. "The home of 
the Ifpidosiren (or 'Lolacb,' as the natives call the fish), of the 
Chaco coimtrj, la to be found in the wide^preading marshes and 
swamps, which for a great part of the year are almost choked by a 
liLxunant growth of their own peculiar vegetaUon and covered by a 
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fioatLDj; carpet of snurfAce v\^da, with hero and there deeper md 
clearer water and ^ow-fiowiog streams. In the dry season the water 
^aduaJly shrinkij and the swamps eventually become dried up. 
Of slnggisb habits, the fish wriggles slowly about at the bottom of 
the swamp like an ceh usiog its hind Hmbs in an irregular bipedal 
fashion as it wends its way through the dense network of sub¬ 
aqueous plants. Lepidosirm is not exclusively carnivorous. The 
large fresli-water snail which lives in the swamps in 

enoriiious nuiubers^ seems to be its favorite food; but masses of 
confervoid algffi arc also eateUp and in its earlier stages it is prob¬ 
able that the fish is more herbivorous than camivomua" (Bridge). 
Lcprdcst'ren rises to the surface at inien'iils to breathe, the rato 
varying with the degree of imparity of the water. It feeds vqrar 
ciousiy during the rainy sea^n, storing up a supply of fat against 
the period of sestivation, w^hieh is passed in a deep tubular burrow^ 
much as with Protapteni^. The entrance to the burrow in this 
instance, however, is closed by a plug of clay perforated by several 
holes. On the coming of the waters the plug is pushed out and the 
fish escapes. Development is quite similar to that of Proioptem& 
and in each case parallels the amphibia very closely. There are 
many other parallelisms of structure and habits between the tw'O 
groups, so many in fact that, as Dean said^ it is almost impossible 
to look upon them as of no greater significance than convergences^ 
Lepidosirenidae are as yet unknown as fo^tsib, but there is reason 
to behevo that their evolution from the older Dipueusti has been 
in a mermer retrogressive- DipiemSj the most ancient of lung- 
fishes, may be taken as a starting point and DoUo has selected a 
remarkable series of genera, Sottuiwertucfa, Fhnneroplcumir 
muSj Cerat<^us {Neoceratodu^}, ProtopieruiSt and Lepidt^sireny in 
which the evolutionary sequence agrees perfectly with their succesr- 
sion in time. Back of Dipi^rus lies an unknowm aneestrj^t but one 
which probably falls within the group of crossoptery'giaji ganoids 
of which Pol^pterus and Calamoi^dithys are the Ihdng representa¬ 
tives- The trend of evolution among the Dipneusti, if one may 
judge from ia leading to an elongated eeHike type^ 

which wiE be both Umb- and scalc-lesa, which may be indications 
of racial senescence. These two interesting groups of air-breathing 
fishes, the Crossopterygii and Dipiieuati, are both on the eve 
of their racial passing. The lesson which they teach, however, 
is of great significance and brings us back once more to the theme 
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of our discussion—that of the most momentous emergence in 
prehistory'; and our inquiry now leads us to a conaderation of the 
probable time of emergence. 

Time of Emergence 

The evidence here is twofold; first, the fosai] record, and second; 
the geologic evidence of climatic conditions such as we have as¬ 
sumed. 

The fosidl evidence, which will be reviewed in greater detail 
later, points to a time earlier than Upper Devonian, for it is upon 
sediment referable to that period that the earliest knott'u footprint 
of a terrestrial vertebrate has been impressed. The time of emei^ 
gence therefore cannot be later than the age of this footprint, and 
from the nature of things must somewhat antetlate it, although 
how much we have no means of knowing, as it was a time of accel¬ 
erated evolutionary’ change. 

The climatic e^ndence points to the same result, for, as BarreiJ 
has shomi by a careful study of the sediments and of other phenom¬ 
ena connected with the rocks of Devonian age, these were times of 
Warmth and seasonal rainfall tending toward more marked semi- 
aridity of climate in the Upper Devonian. There is, moreover, 
a dominance of dipnoans and crossopterygians in the fish fauna' 
Of these fishes certein could and probably did adapt themselves 
after the manner of their living desocndaiits to the increasingly 
long dry seasons, until the latter became so long that the period of 
activity was not suflicient for the creature's life needs. 'I'hcn 
came the emergence, for instead of scstivation the animal must 
adopt some other mode of life which would prolong the time of its 
activity in spite of its climatic rcstrictiotis. Thus the more ambi¬ 
tious nmoag the lung-breathera, not content with the limitations 
unposed upon their lives, omergcii from the age-long aquatic home 
and ventured into the new and untried habitat, iTany may have 
essayed the emergence, but it b probable that relentless nature, 
weeding out the less fit for so valomus an undertaking, dcstroj'ed 
aU but a single sort, for there is no evidence that the aiiccstiy of the 
amphibia is to be found in more than one evolutionary lineage. 

In spite of the many simUarities which exist between the Dip- 
neusti and the amphibia, there are few authorities who hold to a 
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possible direct derivation of the one from the other, for veiy serious 
soat-OTnieiU difEculties stand in the way, one of which is the very 
peculiar and spfKsialbfed type of limb, the archipterj'gium, which 
this group of fishes possess, and out of which it is seenunEly im¬ 
possible to evolve the terrestrial hand or foot. The Crossop- 
on the other band, exhibit fewer of these obstacles? in fact, 
tlicre are practically none which evolution cannot overcome. The 
general opinion, therefore, would derive the land-dwelling forms 
either from the Crossopterygii as such or possibly from some, as 
yet undiscox'ered, related group. 

Changes upon Emergence 

Partial Loss of Armor.—The essential changes undergone by 
the emerging form were, first, partial loss of armor, for while tta 
earliest amphibians, the Stegocephalia (Gr. to cover, and 

head) are armored, the armor is confined mainly to the 
head as the name signifies, to the breast girdle, and to obliquo 
rows of small scales, chielly on the under side of the trunk and tail. 
There is no evidence of their having possessed the heavy enameled 
scales of the ganoid ancestor. 

Loss of Unpaired Fins.—The unpaired fins am of course strictly 
of aquatic use and their loss upon emergence is to be expected. 
They do, however, recur in forms which have returned to their 
ancestral habitat. Thus certain salamanders show a rather well 
developed caudal web of skin which in the male created newt ex¬ 
tends fonvard along the back, and many aquatic lar\'», those of 
frogs and toads, also have well developed unpaired fins. But these 
arc new stnicturea which have arisen in response to immediate 
need and bear no genetic relationship to the equivalent fins of 
fishes, the principal proof thereof lying in the fact tiiat there is no 
trace in the amphibian of supporting fin-rays such as all fish fins 
sliaw% 

Development of Terrestrial Limb.—One of the most esseutial 
changes upon cmergeuce was the modification of the paired fins 
of the fish ancestor to support the body on the mud, a function 
to which they w'ere clearly inadapted in their originat condition. 
The pairwl fins of the Dipneusti are, m we have seen, arehiptcrygia, 
that is, hai-ing a long, jointed, bony axis, on one or both sides of 
which arose a series of parallel rays to support the fin membrane. 
Such a t>T 3 E of Hmb, while it may be used as a prop or for slow 
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crawling propulsjon in a water-borne form^ i$ in ao known iostanco 
of suitable strength to support the entire weight of the animal 
when out of water^ nor is it of sufficient surficial area to cattj' its 
owner over soft mud, for here a broad member La necessary. Theni 
too, the skeletal elements are such that one cannot see the slightest 
prophecy therein of the standard framework of the terrestrial foot* 
With the crossoptery^ang, on the other hand, tbia is not truej 
for here the limb is different^ having a broad basal lobe containing 
several bones and a fringe-Uke expansion so arranged that a much 
more adequate ^pport is already present, even in the fish stage of 
evolution. It is particularly in the pectoral fin of the fish 
^pteron CPig. 134)^ from the Devonian of Quebec, that the ter- 



Fio. 134.— Left peetorsl limb of and B, After 

W* Kn Gre^ry. if, hiimf^nifl; radius; S&ijft Bcapula; Uf ubia. 


restrial limb is foreshatiowed, the shoulder-bones corresponding 
bone for bone^ the single proxiinal bone of the fin to the humerus, 
the next two to the radius and ulna, and the reniainder;^ or some of 
them, to the bones of wrist, palm, and digits. Certain bones have 
naturally been lost and others added, and the entire fin-rayed 
portion of the limb abandoned with the relbaquiahmetit of the 
swimming function; but the whole metamo^]Jho^ 5 ^s requires no 
undue stretch of the imagination. The actual transitional limb is 
a.^ yet unknown to us, but the most ancient footprint, Thinopm 
(Fig. 135), m apparaitly not that of a completely evolved foot 
and may thus throw light upon the process of evolution. This 
footprint, while giving no clue to the skeleton of the upper and 
lower arm and wdst, does give a ver>^ adequate idea of the distal 
structure, which is highly peculiar* There are but two complelfily 
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formed fingera, probably the first and second, the cleft between 
them tyctending deep into the sole of the foot. The phalangeal pads 
and a rounded^ termlnah claw-Iike portion are idready developed 
and there appears on the outer side of digit 
II the rudiment of a thirds and below thia 
on the outajde of the foot the possible Arh 
iageof digit IV* 

If this is a normal footprint, as we may 
suppose it to bOj it seems to prove that the 
terrestrial foot, instead of being five-toed 
from the beginiiing—and that is certainly 
the standard undifferentiated type to-day 
^began as a two-toed organ on the outer 
side of which the remaining digits arose in 
orderly succession until the typical num¬ 
ber was acquired and the member became 
standardized. 

That this may have been the case is not two fiiUy Tonn^d digits, I 
dope evidenced by the unique footprint 

which we have discussed, HMUmentof atourth, IV. 

but the arrangement of Upper Devonian ot Peon- 
the ner^'es and muscles nylv*^- “f- 

End tbo major and minor Ucivarsity Mtiseym. 
axes of the foot and limb 

are eom>borative. The ontogeny of the sala¬ 
mander's foot as figured by Babl (see Fig. 1S7) 
ahows the same budding of the lateral digits as 
the Thinopus track implies. So that, without 
having seen the footprint, Professor Wilder an a 
result of his embryological studies postulated an 
ancestral foot strikingly like that of Thinapus. 

Loss of Internal Gills—The ancient fish gills, 
borne on the gill-arches, were also lost upon 
emergence, for in every instance where peimflr 
nent gills are seen in Imng amphibia they are 
1^, (After dermal structures of later origin and 

Wiftieraheini.) strictly homologous with the hitem^il giUs of 

the fishes. Some amphibian giUe^ it is true, seem to be intemalj 
as they are oceasionallv covered by a fold of skin, the operculumi 
^ that they thus come to lie in a gill chamber; but they develop 



Fio. ISS.—Earliest 
kaolin foaail footprint, 
ThinojJtis {iTUiqum, with. 


Fio. 1 as.—Foot 
of u rvptilg:, Raiu>^ 
d m tibericta. /, 
ilbiita; h, fcniuir; 
tibia; 1, 2, 3^ 4^ 
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before the gill-elefta opent are restricted to the outer side of the 
brMLclilal archeSp and are always covered by cctodentij all of 

which goes to prove them 
new organs which have 
assumed the old lo$t 
function of aquatic res¬ 
piration. 

Fossil Record 

Footprints.— The 
earliest record of a ter¬ 
restrial vertebrate is the 
single footprint of Thino- 
pws antiquus mentioned 
above, Tliia b impressed 
upon a slab of sandstone 
and is from the upper*- 
most Devonian {Che¬ 
mung). It was found to 
1890 by the late Profes¬ 
sor Beecher of Yale and 

by him presented to the 

Fio. 137.—Devclopmetit of the hind foot of _* 

a afllftnmrtEJerj Triian tieitioiwi. (After Straascr ^ ^here it is now 

from Rabl.) treasured. These some 



beds contain ripple* 
marks and mnd-oracics, and impressions of raia-drops and land 
plants also come from the same general horizon. A characteristic 
mariFie mollusc (Nuculana} h preserved on the under side of the 
footprint slab. The associated .strata show dominant delta condi*. 
tiona on the outer margin of which the sea had contributed to the 
material for in the wide oscillations of the strand-line chameter- 
i&tic of delta fronts, deposition under shore conditions and deposi¬ 
tion under river conditions alternate (Barrel I), 

This Devonian is directly overlain by Lower Carboniferous 
(Misais?sippinn) Coal Measures, represented m Nova Scotia and 
New Brunswick by the Horton series. These contain the remaina 
of plants and crustaceans and the footprinU of amphibians. No 
bones have been found in these beds, but the footprints indii^te, 
at the beginning of the Carboniferioinj period and before the deposi¬ 
tion of the Lower Carboniferous limestones, the presence of both 
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lar^ and small species gLinilar to those of the coal formatioD (Daw- 
fiOfl). One interesting iype^ Hijhpui^ hardlngi, found m the Lower 
Carbonifermis shales of Fan^boro, Nova Scotia^ shows a airide 
five times the length of the foot and twice the width of tho track- 
way^ as though the creature which made it stood high on its le^ 
like an ordinary'' niammah This looks very much like a cursorial 
adaptation; if so, it is the earlic^st on rccoixL 

The next higher level to record the passing feet of these primal 
terrestrial fonns is the Maucb Chunk series of Pennsylvania, as¬ 
signed bv geologists to the upper half of the Lower CarboniferouSi 
Here hai been recorded Pal^osaurapus prim^PUSf a five-toed truck 
of considerable sisse as these early forma run, and more careful 
search of these same beds at Poltsville has brought to light several 
other apecieSj some very small and delicateb^ impressed. Other 
tracks liave come from \‘irgiikia and arc referred to the same gen¬ 
eral age (Hinton format ion). 

An amazing series of footprints of Perniian age lepresenting a 
nun^ber of genera and species lias rcccntl}'' coTno to light in the 
Grand Cannon, where they may l?e seen tnwding up the strata 
until they disappear under the overhanging cliff. Some of these 
are preserved in the Yale Museum and some in the National Mu¬ 
seum at Washington^ 

First Skeletal Remains.—The first amphibian bone^s were found 
in the Upiier Devoiiian of Greenland and are comparable in age 
to that of the ThiJi^pus footprint. Other skeletons come from the 
Edinburgh Coal Measures of Scotland whiuh have been referred 
to the Lovrer Carboniferous. These are in no seoae transitional 
forms, but are fully developed amphibians. Above the Lower 
Carboniferous Coal Measures Ave have rod shales and sandstones 
in which bones are invariably rare and footprints abundant, and 
so it is with the Scottish record. 

It waj, during Permian and Carboniferous times especially that 
the great deployment of amphibia occurred, and we have from 
various places, notably in Europe and in Nova Scotia and the 
L'nitcd States, the remains of a varied assemblage of forms, some 
smaU, others huge, heavily armored tjTJes with complex vertebra* 
stiU others with complexly infolded t^th; some with well devel¬ 
oped craw ling limbs, yet others limbless, elcmgate, indicating that 
already the condition which we have called racial old age, or 
senility, Arith its attendant degenerative speciahsation w^aa upon 
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them. One and aU were alike in this—they went, presumablyp 
back to the watera to lay their eggs, and their young were therefore 
aquatic and breathed by means of gills (see Fig. VSS). But there 

are among them many of which this 
camiot be proved and some may ac^ 
tuaJly have been tranaitionalj not be¬ 
tween amphibians and fishes?, but 
tween ampliibians and the succeeding 
class, the ReptiJla. Ortiun of the fortns, 
such as Cfwropfi (Fig^ 139')p discovered 
in the Permian of Texas by Professor 
Williston, show such a combination of 
character pertaining both to the am¬ 
phibia and reptilea that, as the distin¬ 
guished discoverer saj^s, it may become 
necessarj-' to revise our definition of the 
former group. 

Summary.—The natm^ of the geo¬ 
logic record of amphibians indicates that 
Potmian.Gemiuiy. Ewtored <!’VOlvea under climates marked by 
kivA, showing gill urchBsi seasonal di>*ness, and inhabited river- 

pWns far from the sea. Tlie abruptness 
of appearance of iveU developed sustain¬ 
ing legs and feet points to an origin perhaps as far back as the 
Lower Devonian, but a rapid expansion and evolution in the Upper 
Devonian. They survived the change to moie generally wet con¬ 
ditions in the Wer Misakaippian, but showed more conrineingly 



Fig. 138.—St4^;oe&phaliao, 
^nancAtoanunu 



Fia. I39r Pcrmiitn fflcgorcphfilmti, Cti&tps uttpidcph^rta. from Testis 
to the pnmilive reptile^ (Aftot WOlistofi, from Scbuchcrt'a HiHorical Qecloffy.) 


their adaptation to semi-arid continental conditions through the 
footpnnt record they have left in the Mauch Chunk shales The 
unprcsaions of plants indicate that m-er the broad rivep-pkins of 
eaalem Pennaylvanm there aourishcd each season an herbacBous 
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vegetation of acrogens following the witbdmwal of the river floodst 
until the advancing sea^nal diynesa caused it to wither. No 
tracer of an arboreal vegetation have been found, and this, taken 
in conjunction with other facta, Euggcata that in the dry season the 
streams completely vanishedj or at least were reduced to rivulets 
and water-holes unable to afford sufficient underground water to 
support an arboreal vegetation on the banks"’ (Barrell). 

Cireuniatances such as these were not conducive to piscine life, 
but were just the conditions under which amphibian$ would thrive. 
\S'ith further increase in aridity, however^ such that no seasonal 
return of the waters occurred to make aquatic egg-laying possible, 
came the restriction of the amphibia and the evolution of reptiles. 

Reptilexs 

Aside from certain anatomical charaeterifitica^ which we need not 
enumerate, two featurea stand out sharply in the reptiles In con¬ 
trast to the ainphibians. They are, first, the loss of gill-breathing 
forever, the reptiles and their descendants—the mammals and 
birds-^epending solely upon their lungs for o^sygen; and eecood^ 
the development of certain eiribryonic envelopes known as the 
amnion and allantob^ The true significance of both loss of gills and 
gain gf allantois is the sancse—air-breathing young. 

Embryonic Membranes.—The reptilian egg is a compIe}£ struc¬ 
ture consisting not only of the male and female gemi-pla$m but of 
a considerable amount of nutritive yolk, sufficient to cariy' the 
creature well along toward perfection of body and obviating the 
necessity of a larval stage and a metamorphoKia such as so many 
amphibians possess. This complex egg is surrounded by a protect 
tive envelope, the shell, and vs. invariably laid on land, if laid at all. 
It is because of this last feature that the amniou and allantob have 
arisen (Fig. 140). The amnion is a two-layered membrane growing 
out of the ventral wall of the embryo and entirely enveloping it. 
Between the layers is the amniotic ffuid which not only guards the 
creature against mcchamcal jars but also serves to resist sudden 
ehange-s of temperature which might be fatal to the gro\dng young. 
In other words, the amnion b protective in its function. The 
allantois, on the other hand^ is respiratory. It too is a double- 
layereirl or sac-like membrane arising in much the same way, an 
outgrowth in fact of the urinary^ bladder of the amphibian. It is 
abundantly supplied with blood-vessels directly continuous wdth 
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those of the embryo. The alkutob lies, in full developmentj, 
immediately beneath the porous shell, throiiRh which o:!{ygeii can 
enter ancl, passing by osmosis through the allantoic mcmbranei 

oxygenate the mcltided 
blood. Carbonic acid gas 
is given off at the same 
time. The blood stream 
now carries the oxygen 
to the embryo and brings 
out more wastrO and the 
procefss La continued. Thus 
it will be seen that, the 
allantoic has a function 
comparable to a lung and 
not to a gill, and it is to 
be doubted whether any 
reptilian egg could be 
placed in the water with¬ 
out drowning the embryo 
within. At all eventSj no 
reptilcp bird, or mammal 
egg, each of which pos¬ 
sesses an allantois, is ever 
laid in the w^ater, but al¬ 
ways on Land, or else pn> 
vision is made for its 
retention within the ma- 

Fia. 140 —‘Vertebrfito embryos with their 
mrmhniac^. A, reptile or binij R, plawntal ichthyCKi^ar^j 

maminal. In A the yalk-«tar is funeiiQnal and maramals above 

the lilEantob? respinitory; in B thn yolk-suDig the Monotremata 

riiTi.n4:i^j^nlnaa aH.I m i _ j.-l _ ^ -Wi 

I’ rom this it ^ill be seen 
that reptiles may survive 
Under conditionfi of aridity 
many are true desert fomui—where amphibia mifiht perhaps live 
as adults but «mld not pass on their Ufo to future {'eucratioriA It 
is logical, therefore, to believe that whereas semi-aridity with 
seasonally reciirriug rains impeUed amphibian evolution, trun 
andity with uodepcadablc rains or none at all, making amphibian 
economy impossible, stimulated the evolution of the reptiles 
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riand:tonics and the nllimtw become th& 
DUtHtK^a placenta and uinbillcal cord ( \ticr 
Wilder.) 
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CHAPTER XXX 


RISE OF REPTILES AXD DOMINANCE OF DINOSAURS 
Oriffin of Reptiles 

The oriEio of reptilra from their ancient stegoeephalian linear 
took place in all probability in Carboniferous time, anti before the 
close of the Permian many of the principal lines of evolution had 
become established. The evidence for this belief is partly direetj 
through the Permian paleontological record, and partly indiiect, 
based upon tlie appearance in the Trias of groups which must have 
had a long antecedent evolution. 

The Permian strata record the actual presence of no fewer 
seven out of the fifteen ordera of reptiles which formerly ^^vi-ated, 
and while most of them are primitive forms as one would be led 
to expect, one group, the Mesosauria, represented by .it/esosaurua 
(Fig. 141) from Broril and South Africa, is noteworthy in being 
the first instance of the many which occur of the return of reptiles 
to the aquatic habitat. Yet more remarkable is the order Pelyco- 
sauria, particularly the so-called fin-back reptiles, among which 
certain genere have developed riotous growth, especially in the 
spinous processes of the vertebrse, some of which are extraordi¬ 
narily long while others have lateral processes develop^ on the 
spines like the yardarms of a square-rigged ship (EdapAo&mrw, 
Fig. 142). These fin-backed forms can be viewed in but one light—■ 
they are racially senile, and their utter absence from overlying 
strata points to their speedy exUnction. 

In addition to the seven recorded orders there is reason to be¬ 
lieve, on tlie grounds mentioned above, that at least six, possibiy 
seven, others had Permian representatives. These are the Chelonia 
or turtles, the Sauroptcry'gia or plesiosaurs, the Ichthyosanria or 
fish lisards, the Sciuamata (lizards only), the Rhynehocephalia or 
beaked reptiles, the Thecodontla or crocodiled ike, and possibly 
the dinosaurs. Among these several are aquatically inclined others 
terrestrial. The former have been discus^ in part in tho chapter 
on iu]uatic adaptation (Chapter XX), the latter, especially the 
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Pio. Penuitji atjUAtic raptils, ilnutiourus- (After McGregor, fmoi 
Willistea'e \Vaier lUptila.) 



Fig. 142.—Ship-liiard, Sdaphoxsarut fmeiser, Pemio-Garbopifcroiis, North 
America- (After Case.) 
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dinofiaurs, will coostitute the main theme of the present chapter 
and the next. 

Adaptive Radiation of Reptiles 

The Mesosoic era has been called the Age of Reptiles^ for while 
highc^r furms^j the bir^ls and HLammaLs^ make their appearance 
during its course, arising in all probability when the era was yet 
young, they never ^riously dispute with the reptilian horde their 
right to a place in the suiij in fact to aU places wherein au animal 
could live. Thus the law of adaptive radiation^ which originally 
was applied to the mjmiinalSp is equally applicable to these cold¬ 
blooded forms, for climatic ssoncs were non-existent or but slightly 
differentiateti and hence did not limit their poleward distribution 
aa they do iiow^ and, es a consequence^ of the various habitats 
which the wide world displays,, each had its adinirably adapted 
reptilian demzens just as the world was later filled with mammalian 
hosts. 

Central Fortm—The central form was doubtless a short-legged, 
crawling ootylosaur, such as Limnoecelu (Fig. 143), a alow^ morngr 



Fio. 1+3.—ltdatoFfttiOQ af ihe Ptnriiiin n?pli]c, Z.i pji ncrAodfs jxihidis, frena 
New Mexico. CAfter a model by Lull.) 

primitive, probably an amp-dwelling type but potent in evolution¬ 
ary posibilities. From the eotylosaura There arose in the course of 
time other more strictly terredtrial creatures such as the lizards, 
maiiy of which have attained high adaptation to speed require¬ 
ments. Yet another ancient roptile, from the 

Lower Permian of Germany, was a long-limbed, doubtless cursorial 
fonn. Tlie cursorial adaptation par ^celience, however^ lay with 
the dinosaurs, as their bones and footprints show. 

Arboreal Habitat.—Arboreal habitat is difficult to prove on the 
part of any McssOeoic Or older reptiles, for if any arboraal forms 
existed, their remains, in common with thense of other forestKlw cll- 
ing types, would have had little chance of natural entombment and 
subsequent pieaervation. But to-day the arbore-al reptiles are 
numerous and varied; to realize this, one has but to recall the 
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gectoes \vith their adhesive padded feet, or the chameleons with 
syndactyl grasping hands and feet and prehensile tail described in 
Chapter XXL There are authoriUea, moreoverj whose belief in an 
arboreal ancestry for the birds is so finnly established that the 
presence of climbing reptiles even in the Triassie or cariierp while 
having no documentary evidence to its support^ nevertheless is by 
them ui^sumed a priori. 

Aerial Adaptation.—Aerial or volant reptiles such as the ptero¬ 
dactyls were finely adapted to their habitatp ranging as they did 
from the sv/q of a sparrow to the largest of naturc^s fS>ing tneeha- 
nLuna, with ample powers both of varied and sustained Rights but 
their origin is lost through the imperfection of the record of Triaasic 
life (see Figs. 78 and 79, Chapter XX1I)+ 

Amphibious Forms.—Of the amphibiGus forma there were 
maiiVt for Increasing humidity—and we have ample evidence of the 
waxing and waning of moisture—brought with it extensive areas 
the peopling of which awakened the water-dwelling instinct tliat 
had long been dormant in the reptilian blood. Thus we liave aa 
partially aquatic forms the turtles^ ancestral plesiosaurs (Notho^ 
Bauria)r Parasuchia, Crocodilia, and many dinosaurs^ such as the 
Sauropoda and Hadrosauria, Of duck-biUs. 

Aquatic Adaptation.—Truly aquatic life claimed in the course 
of time certain turtles, the great marine ones of to-day and atiU 
greater ones {-drc/irfon) of tbe Cretaceous^ the plesiosaurs, ineso- 
saurSp ichthyosaurs^ sea-lizards (mosasaurs), the thalattngaurs, and 
sea-crocodiles or tbalattosuchlans (Fig 60); in all^ eight ordem^ 
either in their entirety or in lar^e proportion. 

Fossorial Adaptation.—Fossorial animals are rare as fossib, 
for while burial is a prime requbite to fossilization, self-burial rarely 
carries v^ith it the necessary imperviousness to air to insure preser¬ 
vation. Hence we cannot point to a single ancient reptilian group 
as of estensive fossoriid habits, although in the cotylosaurs and 
pelycosaurg there are certain forms wiiose powerful implied mus¬ 
culature of ann and leg pejiuta to digging powers of no mean 
degree. That any were wholly fossoriai like certain living snakes 
(TypAlops) and limbless lizards (.4t?ipAfsfe(Fnu) we have no proof. 

Adaptive Radiation of Squamata.—Thus it be seen tliat 
during pre-Tertiaiy times the reptiliaii adaptations vrere ample 
and varied ; with the dawn of the Tertiary, however, came the final 
extinction of all but four reptilian orders, one of which is repro* 
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flented by but a eiugle relic form Found toniay only 

in remote New Zeaknd. This widespread extinction necessarily 
rcatricted the range of adaptation p though within the group Squa- 
mata, which embraoea the Hui^jrda and anake^^ wc have a latter-day 
radiation comparable in a very modest way to the great reptiliaB 
radiation of the Mesozoic. For csamplej we may enumerate: 

Ambulatory terrestrial: many lizards^ homed toad. 

Cursorial: Chlum^dosaums, the Australian frLLIed li-zard. 

Arboreal: chameleon (see Fig, 67)^ geckoes. 

Aerial: Draco^ the flying dragon (see Fig. 6^), 

Fossorial: T^jphhpSf UT^jiiaMix, amphisbienians (legless). 

Amphibious: inany serpents, some of the monilorSp Vuranus 
which is a li^dng relative of the ancient mosasaurs, the Gala¬ 
pagos sea-iguana A7iiblprhyn€Jim (see Fig, 53)^ and others. 

Aquatic: the sea-snakes or Hydrophinajj all of which except one 
land-locked form In I^ko Taa! at Luzon, Philippine Islands, 
are marine and may be found many miles from land. 

To-day the lizards are kept in their place largely by the mam* 
mals. Were the mammals, includmg man, entirely blotted out so 
that this control would be removed, it is conceivable that out of 
the lizard-atock creatures w^ould arise as diverse in habits, size, and 
prowess as ivere the reptiles of the Mesozoic^ and that another 
Age of Reptilce would be ushered in. 

Dinosaurs 

The of Reptiles may w'eU be called the Age of Dinoaaumt 
BO far as terrestrial creatLirea go they were all-miportant, the other 
leptilcs individually and collectively forming but the supporting 
cast to these stars in the great drama of medieval life. 

Place in Nature.—That the dinciaams were reptiles goes without 
sayingj although their appearance, at any rate in the eyea of those 
w^ho would restore them in the fleshy ivas soinetiines so very similar 
to that of certain grait mammals of to-day that the Uninitiated 
often confuse relationshipsi and think of Tritemlttps (Fig. ICIO)* 
for instance^ as merely a very huge and somewhat better armed 
sort of rhinoceros. As reptiles they were eJtclusively lung-breaLhing 
and had a large egg which they may or may not have laid before 
hatching. This k often merely a matter of family conveniedee aa 
among certain snakes and we know that certain of the dinosaurs 
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wer^ egg-laying. They were scaly or armored, this we know; 
whether they were eold-blooded or not is a debated question. Such 
actuity as they must have shown seems to hint at a posaibility of 
warm blood, and such a belief has met with some support, but in 
the tropical climate which their known habitat impUea there was 
little more need of a heat-maintaining mechanism than there is in 
modem cursorial lisards, the Australian frilled lizard UftlnMiydosou- 
rus, for instance. There is no evidence O'!! the part of dinosauis of a 
heat-retaining "clothing" such as the birds and mammals possess. 

Living Relatives.—Of the forms now living, the crocodiles on the 
one hand and the birds on the other stand nearest the dinosaurs. 
When one comes to n^rk out a concise technical description of a 
crocodile and place it beside that of a dinosaur, he will at once see 
the similarity of the two groups, for the only eharactere which are 
fw( common to both orders are the presence in the crocodiles of a 
false palate, merely a device for eating under water, found in other 
animals as well and the exclusion of the pubic dement of the pelvis 
from their hip socket. 

Ancestral Stock.—^Dinosaurs, as befits their high estate, were of 
ancient lineage. One of our best authorities on dinosaurinn phy- 
logeny, Doctor Friedrich von Huene, derives them from the primi¬ 
tive CQtylosaurian stock which arose in Carboniferous time and 
continu^ > int.il the Trias. During Pernuan time there arose from 
the cotylosaurs the group Protorosauria, of which Protorosaums is 
the type, and out of these In turn the Tritussic Parasuchia. While 
all dinosaurs were derived from the same stock, they arc consid¬ 
ered diphyletic from their origin; that is, the Ormthischia and 
Saurischia (see page 467) are unrelated except through a common 
ancestry. 

Duration.—The known record of dinosaurs extends from the 
Middle Triassic (llluschelkalk) to the very dose of Cretaceous 
time. This ia particularly true of the saurischian dinosaurs; the 
plant-feeding OrnithUchia, on the other hand, do not appear in the 
fossil record until late Triassic (Rhietic) but are doubtless older, 
their subsMiucnt duration being coextensive with that of the others. 

Distribution.—Dinosaurs arc first found in Germany, at Gogoliti, 
Upper Silesia, but thb docs not necessarily imply that that was 
their original radiation center. On the contrary the belief has been 
expressed that one must go farther west, where a great continent 
is thought by some paleontologists to have cxtcndEd across what 
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is now the North Atlantic haain, thus connecting Europe and North 
America, and that some where within the confines of this continent 
the dinosaurs arose iind began their world-wide march of conquest. 
For they e-Ktend the world over, across the United States and into 
Canada; in Brazil, in Patagonia; from England, Belgiuni, France, 
and Portugal, to Germany and Austria; in far away India, even to 
Australia; in Africa in its central, eastern, and extreme southern 
part; and are now recorded in abundance and variety frotn Central 
Mongolia, Thus they were actually- world-wide, e.^cept for New 
ZcaJand. 

Habitat.—Their habitat was varied, but in all probability their 
initiM evolution, that for speed, took place under streaa of semi- 
aridity of climate, and their main lines were eminently terrestrial 
forme. With the changing climatic cycles, which came with the 
passage of time, came dinofiaurian adaptation to humid conditions, 
at least on the part of those we know, so that at least two groups 
SauTopoda and Hadrosaurid®, give e^-ldenee of an amphibious 
habitat. (Sei? p. 465.) 

Habits.—In habits the dinosaurs were nearly as varied as the 
mammals are to^lay—carnivorous, some small, prejung upon such 
feeble folk as they might overcome, others pgantic, the most 
terrible terrestrial devourens of flesh the world has ever secu 
Again, others were herbivorous—seme with feeble dentition the 
food being drami unmastieatod doam a most capacious throat 
others with a dental apparatus for the reduetion of the most 
sistant herbage such as would offer little promLse of satisfaction 
to the living herbivoim In certain instances the teeth are greatlv 
reduced, as in Di^hdi>&is (Fig- ISO) and SUgosaurus (Fig 157) 
the reduction accompanying other signs of specialization Yet 
others like Sfrufhirnitmaj of the North .American Cretaceous were 
utterly bereft of teeth. The dietary of such forms it is difficult to 
conjecture with any degree of certainty. 

Size.—The mimmum recorded sue, that of Cf>mpsognalhus was 
about two and one-half feet, with the bulk of a domestic cat ' The 
footprints of the Connecticut valley, however, record the existeuce 
of feet half as long as those of Comptognaiktia, hardly '‘terrible 
lizards” os the term dinosaur implies. The other extreme was 
reached by Giganieaaurtia (Fig. 151) of East Africa, whose over-atl 
length has been variously estimated by its Teutonic dUcoverera 
to be upivard of 120 feet, but by Matthew not to exceed 80 feet 
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Nevertheless it was en animal of such robust proportions that 
it$ weight must have been about 40 tons—greater than that of any 
living animal except the larger of the modem whales. 

Classification 

The class] hcatiop of the dinosaurs is stU] in a somewhat un-^ 
cert ail j state^ owing largely to the fn^mentao'^ condition of much 
of the material, especially that from abroad. A somewhat con¬ 
servative grouping, lifting the better known genera^ follows: 

Order Saubischia (Carnivorous Theropoda and AmphibiQiEji ^auropoda) 
Suborder ocEtuHoaauiiiA (Camivoroue Dlnueauis} 
PodekesaurvA —Triasaic; Massachusetts. 

HaHopits —Triafiaic; Colorado. 

Calarus —Jurassic; United States. 

CotnpAO^alhm —Jurassic; Bavaria^ 

C^^t^Aoi'es^es--Jura^!sic; Wyoming. 

Onttihomimus —Cretaceous; Wyoming and Alberta. 

Deiiiodonts”4Iiiant Carnivores from Ccelurosaurian Stock: 

Ootffosaurus —Cretaceous p Alberta and (?) Wyoming. 
rifraflflosoynw^-Crctaeeous; Wyoming. 

Suborder CARXOSAUiyA {MegalsKSurs, Carnivorous) 
Artf/usanruj—Triassic; Connecticut valley. 

Triassic; Europe. 

PtaUosaurus —Triassic; Europe. 

MeQotosauruA —Jurassic to Cretaceous; Europe, 

—Jurassic; North Amerka. 

CeraioSt^tirus —Jurassic; Wyoming. 

—CretAceous; Wyoming and Alberta, 

Suborder &.\uhopoda (Amphibious Dmosaui^] 
CetWMuru^Jurasisic; Europe. 

Branio&atcrm —Jurassic; Western Uni ted States. 

Diplodoctis —Jurassic; We?jtem United States. 

Bradiiosaitrus —Jurassic; Wyoming. 

JP/ettfocorfu^Juraj^io; United States and Europe. 

Tfficuiosauru#—Cretaceous; Europe, Africa, and South America, 
(?i^nJosauru«r Cretaceous; Africa* 

Order ORNirnisCHiA (Predentata, Beaked Bbosaurs) 

Suborder oskituoi-oda (Unannoird Herbivopous Dinosaurs) 
Nanotuums —^Triassic; Colorado. 

Anotiuijma (footprints)—Triassic; Eastern United States. 
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Western United States and ? Europe. 
l^jiodon —Lower Cretaceous; Europe. 

Hypnlophodon —Lower Cretaceous; Europe^ 

Con^tAasairras—Cretaa^^ Kortli America. 

Anato^flauni^^-^Cretaceous; North America. 

Suborder sTEMaAUiiTa (Armoreil Herbivorous Dbqsaum) 

Scci«iosai£ru 5 —'Jurassic; Europe. 

Polacuftthus —Lower CrctaceouB; Europe- 

S/£{^3saiiru2—Jurassic; Western Uniteti States and Europe^ 

Pfliaoscincus—Cretawoua; Western North America. 

Anifeifbaourus—CretiMKOus; Western North America. 

Suborder ceratophl^ (Homed Herbivorous Dinoaaum) 
Proiocera/opa—Cretaceous: Mouiolm. 

Mmodomu» and Cerotops—Cmtaceoua; Western North Amenca. 
!rnOT<i/opa^Cretaceous; Weatem Lnite<l States. 

Torosaurud—Cretaceous; Western United States. 

Contrast of Phyla.—The tw^o main phyla of dioosaura to which 
the rather unvideldy oaniea of Saurischia (Gr. A^aPposj liKardp and 
hip-joint) and Ornithisehia (Gr. bird) have bwn 

given, w^hile undergoing in many ways a remarkable paralleEisrri 
of evolutionary changej show notwithstanding some constant 
contrasting features. These two orders may be thuabriefiy defined. 

Sauris^Jiia: Generally camivomus, except the Sauropoda, with 
teeth m the anterior portion of tho mouth; compressed, slightly 
curt^cd crowns with serrate marginSp or spoon- or pencil-shaped 
tfieth^ Without predent^arj' bone connecting the tw'o halv^ of the 
lower jaw; with powerful, sharj^^pointed, curved claw^, and dense, 
hollow bones with well finished articulations except in the Sauro- 
poda. Pel™ triradiate (see Fig. 144,B), with a hip-bone or ilium 
elongated fore and aft, a simple pubis directed downward and for^ 
ward, and an ischinm directed downward and backwrard. Includes 
the bipedal carnivores and the quadrupedal, amplubiouSj herbiv¬ 
orous sauropods. 

Omiihischia (Predentata): Teeth in rear of jaws auly, sometimes 
forming a wonderful magazine of suecessioual teeth, and a toothless 
predentary bone in front which, with rare exceptions, opposed the 
equally toothless premaxillary bones above; premasillaiy and 
predentary sheathed with homy skin or a turtle-like beak for the 
prehenrion of food. Limb-bones less compact and less weU finished 
at their extremities than in the cami%'oioS| claws depressed, sorac^ 
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Fia. 144.—Pclvia of (A) predmtate diMaaui tOmithiMhia) Camvlesaitna^ 
and (B) caiiUTon>ua dinoosur (SSatffiadaia), Altowimti. Oue^nvclfth^tiirti 
«L*c^ □, Md-tabuliini or bipaodkei; iJ, Uiumj it, inhiunij p, pubk- o' ™i h,.h5« 
(After Mwah.) poel-puboa 
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times hoof-like. Pelvis tetraradiate {see Fig. 144,A) in that the 
pubis nonoally combts of two branches, one of which, the pre¬ 
pubis, extends dowTiward and foi^awl, while the post-pubis lies 
parallel with the ischium. The omithischian pelvis and the ossified 
tendons are quite suggestive of those of a bird; the saurischian, 
on the other hand, is more crocodilian. 

3aurisc/ita. Thero‘poda 

The earliest known dinosaurs belong to the Sauriscliia, and 
they exist with conser\'ative changes to the dose of the Mesozoic. 
The prindpal evolutionary changes which they show are a gradual 
increase in size of body and a proportionate decrease in that of 
the fore limbs, the function of wluch in bipedal Theropoda is not 
locomotion, but prehension. These creatures therefore walked or 
mn entirely on the hind legs, the anterior part of the body being 
balanced by the weight of the long, slender tail. When they ran 
the limbs were well under the body and the stride was alternate 
tike that of an ostrich or bipedal hzard, as their numerous bird- 
like footprints iinpres.wd upon the sands of the Connecticut valley 
imply. Some of the better known carnivorous dinosaura ate: 

CcBlurosaiiria.—These are in general the smallei' and more Eigile 
of the carnivorous dinosaurs which, Matthew thinks, were largely 
upland dwellers. As a rule their bones were hollow and the entire 
skeleton light and bird-like. Their range is from the Triasaic to 
the dose of the Cretaceous, and they arc widespread, being found 
in Mongolia, as well as in North America. During the Cretaceous 
they diverge into two races, the omithoinimes or bird rniinics, 
represented by StTvdhiomimMS and OmithQmimm, some of which 
at any rate were toothless and doubtless of omnivorous habits; 
and a group of huge Carnivora, the deinodonts, which convergicd 
toward the m^losaurs and include among their number some of 
the most terrible devourers of flesh the world has ever seen. The 
culminating member of this aubrace is Tyrannosaurui, described 
below. 

Representatives of this group are: Padokiaaurus {Fig. 145), an 
extremely slender, agiie, carnivorous dinosaur from the Priassic 
sandstones of the Connecticut valley (South Hadley, Massa- 
chusetts). The body, tail, and limbs were preserved in the one 
specimen known, unfortunately destroyed by fire, and indicate an 
animal about four feet b length of which the tail includes more 
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than half. Many footprints described under the name of GrallalQT 
(he who walks oc stilts) wem undoubtedly made by creatures sim- 
ilat to this. 

with bones so delicate that the walb of the vertebras, 
for instance, are of paper-like thinness. It was a small form from 



Fla. I45r—Rwtor&tjQft of holi/okeTtsist Upper TriAA, Cennectl^ 

cat Valley. Leo^bp nearly four feet (After a model by LiiU.) 


the Morrison formation of Wyoming and the Potomac formation 
of Maiyland, and is incompletely known. 

Cijwipso^/Aufip known from a very perfect skeleton from the 
Jurassic of Eichstadt, Bavaria, and coraing from the famous Solen- 
hofen quarry which also produced Arckseopten/x, the earliest knoivn 
bird. Compsognath^tSf as has already been stated, ia the smallest 
recorded dinosaur. 



Out of the famous Bone Cabin quarry in eastern Wyoming, 
where the author wa3 initiated into the mysteries of boue-digging, 
and which has pro¬ 
duced Allosannm 
(described below), 
comes Omftftoiestea 
(Fig. 146), an ex¬ 
tremely slender form 
whose total length -p, ^ 

was cot more than tAtmvoma 

7 anil nrllMA ^ “P™ ^ 111 UsB 

7 feet and wcose Ainencsn Museum of Natum] History. Lecgth 
bulk could not have “wn feet. Jummic, Wyoming, {After Lull, ftom 
exceeded that of a 


setter dog. This form had long, elendcr fiqgere none of which 
was armed with the cruel cun-ed daws of the meBaJosaura. 
This suggested the idea that perhaps it may have preyed upon 
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contemporary birda, so the name the bird robber/^ 

was to it+ Another sugi^esticn was th&t it may have 

preyed upon fish, and its association with amphibious dinosaurs 
lends color to the proposition. Be that as it may, the contrast 
between the marked a^ity of Omiihokst^^ and the more pon¬ 
derous character of dHasaunti must have been reflected in the 
prey, A successor to the Jurassic Or7iiiholesle& was Onviihami- 
7 }ius of Late Cretaceous time^ a form long known from its slenderp 
very birddike feet and a few other elements of its frame. The entire 
skeleton of an intermediate form, was discovered 

in Alberta in 1914. In its general proportions it is what one would 



Am^ncaa Mu^um of Natural Length, 47 Gretaceoua, weetem 

North America. (After Lull, fmm Scbtiebert'a Ui^^U>riail 

be led to expect from the character of the feet, but the surprise 
came in the fact that its jaws are entirely toothless, the skull re¬ 
minding one quite forcibly of that of a large cursorial bird. 

Apparently out of ccelurosattrian stock came an amazing race of 
giant camivores, the deinodonts of the late Cretaceous, which in 
many way^ paralleled the megalosaur^ yet to be described- The 
more notable of these were G&rgo^unis and Ddnod^fttf but espe* 
cially Tyrann^aurits (Fig. 147), the climax of evolution of the 
great fleah-eating dinosaurs, 

Tyrannosaiiru# reached a length of 47 feet and in bulk must have 
exceeded the largest of elephants. The massive hind limbs sup¬ 
ported the weight of the bexly and, in a standing position, the 
animal was IS to 20 feet high. The head was 4 feet in length, and 
"Uio powerful jaws bore teeth from 3 to 6 Inches long. To tills 
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Bmacinedt were added the great eagle^like daws of the hind feet 
and probably of the fore feet, G to S Lddh^ ia length. The fore 
limbs were relatively very small compared with the huge si^e of 
the anirDiil bat w^ere probably constructed much as in 
with two or three large cim'ed clawa^ the inner opposing the others. 
As the hands could not reach the mouth, it is diflicult to oonjectiuie 
their use other than in combat and possibly in mating. 

Caniosaiiria+"Another group of caruivoroiis dmoaaura were the 
megalosaurs which ranged from the Triasaic onward* Notable 
genera Anchi^uru^ and knowm from more or iesa 

complete skeletons in the Connecticut Trias, The three most per¬ 
fect come from the town of Manchester and range in from per¬ 
haps 5 to S feet. The hand w»aa large compared with that of later 
forms and bore five fingers with one large and two smaller grasping 
claw’s. These skeletons are preseiw'od at Yale, 



Fio. 14S,—Restoration of hasad upon the ?p<!^Tn«Ti in the 

Ajncrican MuseuttL of Natural History. Length, M Wyoming, 

Colorado, and MniylamL 

Zamdodm and were larger Old World fonns; out of 

the latter (Pateosaurus) probably arose not only the bter mega^ 
losiuirs but the amphibious dmosaurs (Sauropoda] as w'^iL 

Among other genera are: AUosauru^ (Fig, 14S and PI. X), one 
of the best knowm of carnivorous dinosaurs, for there is In the 
American Aluscum of Natural History a practically complete 
skeleton mounted In a most UfeJike pose. This creature is of great 
size, being M feet 2 inches in length by S feet 3 inches high in its 
present almost horizontal posture. It was collected from Como 
Bluffy near Medicine Bow, Wyoimng, w hence came so many of the 
wonderful dino^urian and contemporaneous tnammaUan speci¬ 
mens which the Yale Museum possesses. Alksaum^ had a compar¬ 
atively inflexible though deep body and a tail which could undergo 
Utile movenjeot as compared with that of a modem lizard or a 
snake, linee its principal use, that of a counterpoise, was beat 
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subserved by its being held out riither stiflay behlocL The jaws 
were loosely hung and could evidently be opened very \iiidclyj 
and there is evidence of some rno^'ement of the upper jaw upon 
the cranium as though the chunks of the prey which the creature 
tore off were at times of considerable ^ze or possibly the victim 
was swallowed whole. The teeth are compressed, recurved, and 
admirably adapted to Um? owner's implied habits. Both hands and 
feet svere armed with powerful curved claws, doubtless sheathed 
with talona like those of a huge eagle, 

Cer^sauTus, which is known from a single well-preserved skele¬ 
ton in the United States National Museum, w!i3 a contemporary 
of though not so large^ The remarkable thing about 

as the name implies (Gr. bom), b the pres¬ 

ence of a compressed, horn-like process upon the nose ivhich must 
have home a homy sheath- This is one of the extremely rare 
associations of the possibly defensive horns and carnivorous 
habits, for among the mammals, and indeed the later dinosaurs as 
well^ it is the herbivores only which are thus endowed. 

In EuropH^ and elsewhere than in North America the remains of 
carnivorous dinosaurs arc far less complete, and as a conseQuence, 
except for some very well preserved Triasaic types, we know 
but little of them. The generic name of Megaiosaurus, which 
gives its title to thf* groupr is applied to most of the later forms 
from the Jurassic to the final extinction, but doubtless covers as 
varied an assemblage of larger dinosaurs as lived in the New \S orld. 

Sauiopoda.—To this group various names have been given. 
They were called Cetioeauria by Seeley in allusion to their whale¬ 
like bulk, and Opisthoccfilia by Owen because their neck vertebr®, 
Avhich have a ball-and-socket articulation, have the concave facet 
behind and the convex one m front. According to the law of prior¬ 
ity this latter term takes precedence over the others^ but Professor 
Marsh's term Sauropoda b the one in most common use. 

These creatures were all quadrupedal, although there is reason 
to believe that when w ater-borne some may have reared up on the 
hind feet. Their backbone b a mangel of complexity and has been 
dt^ribed in some detail in Chapter Xfl. The greal^t economy of 
material b manifest in its stmctunCj giving maximum strength 
Avith a minimum of bony substance. The limb-bonest on tlie other 
hand^ are extremely massive, witli very rugose ends, as though the 
joints were formed very largely of cartilage, in sharp contrast w ith 
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their bony perfection in the carnivorous forms. This imperfection 
of the ioints in the Sauropoda admits of but one interpretation, 
a semi^uatic life, when the we^t, largely water-borne, did not 
subject the ends of the limb-bones to the mechanical impact as it 
would were the animal wholly terreatria]. A line drawn from 
shoulder to hip separates the lighter portion of the animal's frame 
from the w'cightier as thor^h it represented the water-line, Ex¬ 
treme lightness, especially of the neck, is necessary tJiat it be not 
unwieldy in the creature’s search for food, while weighty limbs were 
equally ncce^iy to enable their owner to wade into comparatively 
deep water, for these forms were doubtless more wading than 
swimming in their habits. In order to support their huge weight, 
the limbs had become more or less pillar-like, ss the straight limb- 
bones imply, and the sprawling gait of most li\nng reptiles is un¬ 
thinkable with so ponderous a form. In 1936 footprints of huge 
Sauropoda have been found in the bed of the Paluxy River, Texas, 
These deeply impressed tracks allow conclusively that the 
walked aa the mounted specimens imply. The absence of a taU 
trace shows that the tail was buoyed up by the water and did not 
drag on the grouad. 

The teeth of the Sauropoda are clearly derived from those of 
carnivores, as they occupy the same place and arise in a similar 
way. They have, however, lost their sharp point and serrated 
margins and have become more or Jess spoon-shaped. As a rule 
they are large hut in Diplodocus they are reduced to the size of a 
lead pencil and are confined to tlie extreme anterior part of the 
jaws. Claws also are clearly derived from those of careivorea, as 
they are laterally compressed, but not so curved, and give' no 
evidence of grasping powers. The foot bore at least three such 
claws, while the hand evidently posseased but one. The food must 
have consisted of some abundant and easily obtainable aquatic 
plants which were probably dislodged by the elaa-s and rake-like 
teeth and swallowed without mastication. The occasional pres¬ 
ence within the ribs of highly polished siliceous pebbles of a ma¬ 
terial foreign to the matrix in which the specimens were found 
points to some sort of a muscular giseard-like structure which, 
aided by the stones, could reduce the otherwise inert mass of 
food to a proper condition for subsequent digestion Such a 
thing is known in some existing animals, such as certain birds 
and seals. 
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Amon!; the notable sauropod genera is Bronimauruit (Fig. 149 
and PI. XI), of which the very complete original specimen is pre¬ 
served at Yale- Another specimen of aimilar proportions in the 
American Museum of Natural History measures 66 feet 8 inch® 
long and had an estimated living weight of 38 tons. This speci- 



FiO. 149 .—RfiHl*ration of flWmtosourtw, ^ t Ji^^c 

American Mescum of Natuml ' 

wwtera Kortli Anicrica. {After Lull, fnan Schudiert s //wlorwal GeAogg.) 



men is from the Jurassic near Medicine Bow, Wyoming, and the 
Yale specimen came from Como Bluff, half a dmsen miles away. 

Diplodocm (Fig. 150), another well-known sauropod, differs 
from Bnntosaurus in the more slender form, so that even with a 
lengt h of 8T feet it was by no means so weighty as the latter. AU 
of these creatures had most of their length in the extremely slen¬ 
der neck and tail, the body being comparatively short and com¬ 
pact, quite elephantine in fact, especially when \'icwed in connec- 


Fra 150 .-IU*toratioa of the eauroM diiawaur. 

the mounted specimen in C&ftLegte IVl^uta. p ■ p 

Wyoming. (After Lull, from Schuehert's UiBi&naU 


tion with the limbs. In DipWociw the temiinai ten feet of the tad 
was like a whiplash, as the contained vertebra did not decrease fur¬ 
ther in sise. This may have proved a very efficient weapon of de¬ 
fense if its use was analogous to that of cert ain modem hzards m 
which the tail has much of the effectiveness of a black-snake whip. 
Aside from this caudal whiplash the Sauropoda were apparent y 
unarmored and weaponless, relying entirely upon their huge bulk 






476 


ORGANIC EVOLUTION 


at upon submerprnce for immunity from attack. An csaentially 
complete skeleton of Diplofhcus from Sheep Creek, Wyoming, 
about 15 milea from Bone Cabin quany, ie now mounted in the 
Carnegie Museum at Pittsburgh. 

By far the most gigantic of aauropods has been made knmra to 
us in its entirety from Tendaguru, Tanganjika, whence the German 
expeditions have secured a large amount of material. To tliis 
creature the appropriate name of Gigantoaaurus has been given. 
If ita proportions were those of Diplodocm, as the German authori¬ 
ties at first imagined, 120 feet for its total length would not be far 
from right, but the tail proves to be short, which brings the length 



down to SO feet or more. Matthew therefore regards the creature 
as somewhat exceeding Bronlasaurus and jyipltidocus in total bulk 
but distinguished by much longer fore limbs and an immensely 
long neck—a giraffe-like wader adapted to take refuge in deeper 
waters, more out of reach of the fierce carmvons of the Land (See 

Not all Sauropoda, however, were large, for an adult form 
Plew0ca;lu9t from the Potomac beds of Maryland, had a total 
length which did not exceed 12 or 13 feet. 

The Sauropoda, judging from their huge bulk, were eridently 
senile fonns, and one would hardly expect their survival over a 
long period of geologic time, so that while their more conservative 
relatives, the carnivores, persisted, most of these forma were early 
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released from the excessive burden of the flesh and suffered racial 
death early m Cretaceous time, some millions of years before the 
parsing of the dmosaurian dynastyj except for a few^ which found 
as^dum in the more remote portionB of the earth and apparently 
survived until tow'ard the close of the Cretaceous, We know of no 
reason^ other than a restriction of their peculiar habitat^ for their 
extinction. 
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CHAPTER XXXI 

BEAKED DIIsOSAURS AND ORIGIN OF BIRDS 

OfUfiTuisciilA OR Beaked Dist^ms 

The genefRl charactcra of the Ornithiachl&j the predeot-ate or 
beaked dinosaurs, have already been given {see page 467), They 
were derived in common with the Saurischia from the parasuchian 
atock, and the Omithopoda, the more coneerv'ative of them, under¬ 
went an evolution which very closely paralleled tliat of the car¬ 
nivores. Like the Saurischia, they too gave rise to aberrant rac^, 
wluch however did not as with the Sanropoda emphasize bodily 
bulk so much 05 arms and armor, and among the later of them were 
those whose grote^ue bbarrerie exceeded tliot of any known ter 
reatiial forms. None of the Omithiachia was huge compared 
even with some carnivores, and their bulk was vastly leas than that 
of BrontosauniA. 

First Reco^.-The first known record of Omithiachia is that 
of their fossd tracks upon the Connecticut valley’s late Triassic 
rocks, for with some of the footprints are seen the impresaions of 
jailer hands w-hose five fingers were armed with rounded elaws 
like those of known predentates but totally diasimilar to the eraa^ 
mg claws of a carnivore (Fig. 94). And in tontemporaneous rocks 
from faiwiff Colorado has been found which 

recognired as pertaminR to this order. Doubtless the Omithischia 
antedated the close of Triassk time, but there is little Sn« 
that their antiquity is as great as that of the Saurischia 
Onuftopods^4s '-^^ve seen from the classification (page 
465), three suborders of Ormthischia are recognized. Of thei^e 
first is the Omithopoda, which includea bird-footed forms un¬ 
armored, and bipedal in gait, though unlike the carnivores they 
occasionally assumed the quadrupedal posture whUe resting or 
feeding. Two of the more notable genera are the Connecticut 
valley (see Fig. 94) and Sonropu«^kno^T, only from 

the footprints and with an estimated length varying from two + 
eii^t feek The Colorado Naiwsirams mentioned above is another 
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sm&ll form, aa yet imperfectly kcowTi. These are all Triaasic. 
Jurassic Omithopodfl are imltiiowfii in Afnerics until near the end 
of the period, though they presumably lived in some part of the 
continent, the absence of a fosil record corresponding to the 
absence of strata suitable for their preservutiou. 

The lato Jutasaic CMorrison fortnation) is characterUed by two 
American genera, Laosaurus, a slender tj'pe not exceeding six 
and one-half feet in length, and Cawiptosaanw (Fi^. 152; 15<i,A), 
several more or less complete skeletons of which are known from 
Wyoming, The latter are conservative in character and in rise, 
ranging from 7 to 17 feet. 

A related form is JjacDtodba {Fi83' 153; 154; 156,B) from 
Europe, known from no fewer than seventeen remarkably pre- 



Fio. 1S2.—Restoration of the predeelate dinosaur, CrtuiptoMurtw. Average 
length, about 10 fwt. Late Jurassic, North America. After LuU, from bchi^ 

^shert’s Ifutffriml Geolo^.} 

scr%- cd skolfitons foUDd in & coal mino St Bemisai^rt in B^l^ 
These creatnrcis h^d evidently fallen into an open figure in the 
ancient GaTbcmiferoiia strata and there, unable to extricate thefn- 
selves, they died, wer« buried, and were subsequently preserved 
together with the remains of other reptiles. Their skeletons, ten 
of which are mounted erect, the others prone on the rock, are to 
be seen in the Brussels Museum of Natural History. Iguanodm 
was about 34 feet in length and bore upon the hand by way of 
weapon a peculiar spIke-like tbumbh Rcinaina of the genua have 
also been found on the Isle of Wight, whence it was described by 
Sir Richard Owen long before the fortunate Belgian dbcoveiy. 
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Fio. 1S3.— Skelton of/j}uqiu)dbn (After Marsh.) 



Fia 154.— Restoration of /fftxanodian. Crataceous of Belgian and the Ulo n# 
Wight. (After Hermann,) lalo of 
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The EnelUli Wealden besides yielding I^uanodffn has pi-oduced 
a smaller form, Hifpsilitphodon, peculiar in ha’^ing teeth in the 
anterior part of the mouth, a characteristic which distinguiahra 
it from every other beaked dioosaur except PratoceraUfps (see page 
488) of which our knowledge is sufficiently complete to make a 
comparison, and in this regard it must be a persistently primitive 
form. Possibly the Triasaic forms also possessed these teeth and 
this may yet be proved. Both Camptosartms and Igitanttdtm are 
knoivn from the European Middle Jurassic on. 

The Cretaceous of Tendaguru, Tanganyika, whenco came the 
Gi^antosaurus (see page 476), has also produced an Iffuatwdort- 



Fic. 1S5 — Rcstonitiod ot Armiosaurm, based upon the aujuiittd Bkcleton in 
the Yale PCabody Museum, Length. 29 feet. Cretacwufl of North America. 
(Alter Liiil.) 

like foncLj but tbe detiiil$ of its stnicturis Rre not yet annouDccd 
from Berlin. 

Cretaceous time produced sever^ genera of Ornithopoda, which 
mfiy collectively be called duck-billed dbiosaurs from the peculiar 
chaiauter of the mouth, the auterior part of Ti^hlch was often broad 
the nAmft implies while the hinder portion of the con¬ 
tained the wonderful dental battery of which we have spoken. No 
creature of whatev'er sort is known to have possessed more teeth 
than +4 the terminal itiember of the race. 

AnatosauruJi (Fig?. 155; 156,F; PL XII) is the best kno™ genus, 
as mounted specimens fnoiti Wyoming and Montana may be seen 
at the Yale, American, and United States XatioDal Museums 
Its length did not exceed 30 feet but it was a fine cursorial t>T>e. 
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It alao possessed a pOTT’erful tall which, judgmg from the vertical 
cxpansian implied by the bones, was admirably adapted for 
swimming; for Anotosattrus was the contemporary of Tymnrw- 
and the swimming tail must have been most effectively used 
when, hard pressed, it took to the water for safety, Several mum¬ 
mied j^imens of Anotosaurus have come to light, one of which 
from ISiyoming, preserved in the Aiaericaa Museum, is truly 
marvellous in the degree of its perfection, for not only is the skele¬ 
ton entirely articulated except for its hind feet and tail, but the 
skin, shrunken doiivn on the bones by the heat of the sun imme¬ 
diately after death, is also perfectly preserved, together with traces 
of muscles and tendons. The skin was utterly without defenaive 
armor, for as now preserved it is very thin and is covered with 
small tubercle-like scales. The hands, which possessed four fingpre, 
were webbed, as were probably also the feet. 


AruUoaaurus comes from the dose of the Cretaceous, the so^ialled 
I^oe formation. In rocks of a preceding age, Belly River and 
ponton, there have been discovered some curiously grotesque 
allied forms, SawrofopAiw with a backw'ard extended crest o^hc 
skull, and Coryihomunti with a most remarkable belmet-liko 
heightening of the cranium. Both of these are known from articu¬ 
lated specimens collected in the Red Deer region of Mberta 
Canada, by Mr, Bamum Brown, who by his discoveries ha^ 
brought us to a clearer understanding of so many of the formerly 
ill-knowm Cretaceous forms. These creatures, howm^er wore not 
confined to the West, for the New Jeraey Cretaceous ’nmrl beds 
have produced Hodrosaums, an ally of Ajiafosauras and a form 
which ha^ begn known to science for many yeara (s&e Fie 1561 
Hadro^Aurs are also knoivn from Mongolia. ^ 


Stegosauria —The Stegosauria or armored dinosaurs were all 
quadrupedal, doubtless owing to the great weight of their armar 
ment. The armor took the form of high crested plates or spines 
or of massive armor plates sometimes welded into a broad cuiras^ 
over the hips, evidently the most vulnerable portion of the crci^ 
tnre's anatomy. They may well have evolved from the iguanodont- 
hke dinosaurs, developing the armor and consequent modifications 
of the frame as a defense against their carnivorous enemies. The 
degree of perfection of the armor in some of the later forma is such 
as to render them practically invulnerable to anv form of animal 
attack. 
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The oldest known stegoaaurian is Sselidosaurus from the Engliaih 
Lias (Lower Jurassic) fonnation, where the ^gle known specimen 
was entombed, strangely enough, in marine strata, due probably 
to its floating carcass ha^■ing drifted out to sea from some ancient 
river beside which it lived. As preserved in the British Museum 



Fia. 156,—SkuJU of unartnored predentate dinosaurs,^ A, Comptosaunw, 
and B, /^uanotfon, Juraraic and l/jwer Cretnc«oiia; C, JCrtfcwonn^*, and D, 
CorjifAoaiiurtca, Mid^Zlrttoceoua (Bctiy River); E, £at(rwlepA.iw, late Creta«ww 
(Edmonton); F, Anoiewauntf, latest Crelaeemia (l«ni!e). All one twenty-fifth 
nAlunkl fliKw {AfteJ Matthew.) 

of Natural History, Scelidcsattnts is only 12^ feet long and its 
armor conrists of two rows of oval bony scutes eacb with a low 
forerand-aft keel not unlike similar elements in a modem crocodile. 
In addition to these there are a pair of large spines on the sbouldera. 
In late Jurassic and early Cretaceous (Wealden) time we have 
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recorded several armored dinosaurs in England and the adjacent 
continent, known as PtSacanlhiti and Ojiwipaurus. Of these the 
former is small, not over 12 feet in lcng:tb by 3 in height, with a 
broad rumpi-shield formed of coalesced plates, and sundry spine- 
like plates which have liecn arranged by the restorer in two tows 
along the neck, back, and tail. Their precise position, however, is 
not assured. Owesaurus is another hca^dly armored form, some 
species of which were very large; it is as yet incompletely known. 

Nte^o^iurus (Figs. 157; 158; Pi. XTII) was a late Jurassic type, 
but in spite of the fact that it has given its name to the group of 



armored dinosaurs, it was not tj-pical, being a highly spinesoent 
senile side branch which died out without issue. In many ways 
this was the most grotesque of dinosaurs, an awkward angular 
brute, vety high at the rump and low at the withers, with the back 
ornamented by two rows of huge upstanding plates and the end 
of the tail armed with fearful horn-like spines 25 inches or more 
in length. The huge plates which ran along the back eulimnatcd 
in the ones over the pelvis or the base of the tail, beyond which 
they diminished. A study of the skeleton mounted at Yale and 
another articulated specimen at Washington betrays groat mus* 
cuiar power especially in the tail and hind limbs. The inference 
is therefore that the plates served for passive, the spines for active 



BEAKED DINOSAURS iVND ORIGIN OF BIRDS 485 


defense, possibly offense. But the nervous system of Skgomuru^ 
is the most remarkable feature, for it3 brain was very dimiduiive, 
the entire cranial cavity having a volinne of but 56 C-C. Thus the 
estimated weight of the brain could not have e^^ceeded two and 
one-half ounceap while the total weight of the animal must have 
been greater than that of the largest of lining elephants whose 
brain avcrg^ at least 8 pounds and may run to nearly 11, 80 
times that of the dinosaur. In eoinparing the relative potential 
LatelUgence of the tw'O, one has also to l?ear in mind the great 
preponderance of the ceiebrum, the seat of intellect^ over the 
other parts of the ele¬ 
phantine brain, while 
ia gnsiiuryfi the 
cerebrum constituted 
hardly more than a 
third of the entire 
brain w^eight^ Or, as 
Professor WiUiston has 
expressed it, the seat 
of a stegosaur's intelli¬ 
gence is no greater in 
volume than that of a 
t h r e e - weeks-old kit¬ 
ten 1 In contrast with 
the diminutive brain- 
ease, however, the scaJe, one-fourth natunil Biz/e. (After LuU.) 
neural canal in the 

sacrum is of startling dim ensionSj for a cast thereof displaces no 
less than 1200 o c. of water, thu$ giving it a mass more than 
twenty times that of the brain^ This was the seat of the reflex 
and coordinating control of the huge hind limb and caudal mus¬ 
cles and is further evidence of their very frequent and effective 
use. The life of was not psychological, but essentially 

physiological—an animated, largely automatic machine I 

The Cretaceous rocks of North America have produced other 
more conservative armored dinosaurs, A’^oefatatirus, Ankgioacurtis^ 
and PoteosciraciiSp of which the lost is the best knowTQ. AnA";yiasau- 
ru9 w'oa a contemporsjy of Tyrannosaurm and the duck-billed 
dinosaurs, and was not unlike a huge homed toad. The head was 
broadly triangular with a horny beak and very feeble teeth, while 
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the trunk vr as covered with a veritable cuita^ of keeled aud spined 
plates which formed an invulnerable armor. The tail was also 
enclosed in a bony sheath which probably bore spines, like the 
battle-mace of a mediaaval knight, and was the offensive weapon- 
Even TyranTiosauras could not effectively attack one of these 
creittures when it settled down and tucked in its short legs beneath 
its body, 

Aniyiosoitnw was a TcmaTkablc reptilian prototj-pe of the 
armored ma^alian glyptodonts of the Pleistocene, the similnrity 
even extending to a club-like fusion of armor on the tail, especially 
in the genus Jn day it W'aa the great saber¬ 

tooth cat, Smilsdon, against whose attacks the creature may have 
guarded itself in much the same way as the ankylosaur met tliose 
of Tyranaosaunts (see Chapter XXXVIII). 

Ceratopsia.—The homed dinosaum, or Geratopsia, are, except for 
Mongolia, largely North American, and more than that, their 
remains come almost entirely from the eastern uplift of the Rocky 
Mountain region from Alberta to New Mexico, That they lived 
only within these narrow limits, however, is hardly to be supposed. 
Their geologic range is also brief in extent, as they are confined 
exclusively to the Upper Cretaceous period. The degree of their 
evolution when they first appear is, however, indicative of an 
origin not later than the lower Cretaceous. 

Ttkeratops (Figs. lS9,Cf 160) is a late Cretaceous member of the 
group, but is the best known and may be taken as typical It was 
a huge creature of rliinocerine aspect, from 20 to 25 feet in length, 
of which from one-nuarter to one-third consisted of the great head! 
for whereas in alL other dinosaurs the head is small, here the reveiae 
is true. This is due partly to the great expansion of the cranial 
roof for the support of the horns, but particularly to the backward 
extension of the rear of the skull into a widely expanded frill or 
crest for the protection of the neck, and also for the attachment 
of the powerful muscles of the back of the neck, giving this group 
of animala tremendous prowess, oonrelated with their armament 
and the great bulk and power of the enemies which they were called 
upon to n-ithstand. One THceratopa skull in the Yale collection 
measurea 8 feet -1 inches over-all, and that of the allied Toromuriis 
8 feet 7 inches, makmg the latter the largest known skull of a 
hni\ animal 

The skeleton of Tricerahps gives evidence of enormous strength. 
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especially in the fore limbs and shouldej^- But the aima- 

ment was the Himt striking thing, for the mouth was aimed an¬ 
teriorly with a sharp cutting beak like that of a turtle, and. the 
nose and portion of the skull above the eyes bore huge horos^ three 
in number, hence the name Tricer^^tops (thr^horned face). In 
the earliest American forms the nasal horn was alwa^ng the domi¬ 
nant one, straiglit or curved either for^i ard or backward, while the 
frontal horns above the eyes ranged front mere rudiments to 
fairly well developed organs. The principal Belly River genera 





Fio. 159.—Hcids of homed dinosauiw, Cemtopaia, A, McfiUidmiut, Upper 
Civtit?eous (Belly River); B, C, Tri^nUops, upper- 

BQOBt Crctac^us (Lanre); snd D, 5^^?F>wwlUTn:^^ Lancet Dniwn to scale, Toro- 
mtirm skull SH Schuchert's Hufiori&d 

were M&n^}d^dus (Fig^ 159^'^) and Cer^itcps. Another was SUjra* 
comiirm (Fig, 159,B), which was remarkably spinescent, having a 
huge straight nasal hom and at least eight more homelike processes 
around the margin of the frilb The cr^t in all of these earlier typo 
was incomplete in that it was penetrated by two large apertures, 
One on cither side. I n the latest- bance forms the frontal horns "si ere 
predominant, and were very long in the later tji>es, ivhile the nasal 
tended to reduce, becoming entirely obsolete in one genus, Dker* 
ofop^., Tr*ic&!‘cttops and both had a completely bony frill 

with no trace of the ancestral apertures. In TorimuruA [Fig. 
159,D), on the other hand, while the horns were like those of Tn'cer- 
atop&y the two apertures stUl pensisted in the immensely expanded 
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crest, 'fhat these horns and the defensive frill were put to actual 
use ie highly evident, for broken and healed horns, broken jaws, 
and punctured crests are not unusual ivith these skuUa. And these 
are the deep and grievous wounds, doubtless few compared with 
the many superficial injuries which the creatures must have suf¬ 
fered in the combats of rival males or in defense gainst their arch 
enemy, the tyrant saurian. The Mongolian ProtoceratopSf at least 
structurally ancestral, possessed the bony frill but was hornless. 
This animal laid some of the dinosaur eggs found by the Andrews 



Rxpedition to Mongolia, and not only were the eggs found, but 
72 skulls representing the entire ontogeny from the unhatched 
young to the full-grown animal, which is believed to be without 
parallel in vertebrate paleontology. 

i%ni)nar2/ 

As in the history of nations tho members of various human races 
intermingle, so the dinosaurs are interwoven not alone with the 
various types of their owm stock, but with the other kinds of an¬ 
imals and plants which together with physical conditions go to 
make np the environing oomplej!. A summary of the chan^ng life 
conditions with their influence on the successive dinosaurian so¬ 
cieties is necessary to on understanding of their evolution. 

The first relics of dinosaurian hfo are found in the early Mesozoic 
(Mid-Trlassic) rocks of Central Europe, though as they appear 
shortly after in those of North America one is led to infer that the 
initial evolution occurred in what may have been an annectant 
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land muss lying across the North Atlantic. Ancestrally, the dint^ 
saurs were quadrupeds remotely related to the crocodiles; but the 
increasing aridity of clLmatO;^ clearly indicated by the character 
of the geologic sediinentSp placed a high premium on ability to 
travel rapidly and far in search of food and drink, and may well 
have been the impelling force that raised these creatures erect from 
the prone gait and posture of their progenitors and stimulated their 
rapicl evolution into the several types. 

The stalled continental rocks include such as are formed by 
st rcam-txinio and lakc^borne sediment or by sands and volcanic 
ash carried by the mnda. In contrast to marine deposits tbese are 
e>^tFemeiy scarce, and they alone, with rare txc^ptions, contain 
the remainB of terrestrial animab. are given, howeverj aside 
from scattered records, three or four ^dvid pictures of the environ- 
ment, lioth physical and organic, wherein the dinosams dwelt. For¬ 
tunately for us the^ ghmpH^ are given in the early stagea, in the 
middle, and at the close of the dincMsaurian career, showing the nn^in 
the period of ita youth, its full maturity, and in ita extreme old age. 

Triassic.—The fimt of these pictures is of groat interest, for the 
scene is laid in w'hat is now the Connectiont valley; the time, late 
Triassic. Here one must imagine a broad valley rimmed by environ¬ 
ing uplands of older roctSp in its climate and sparse vegetation 
Rtmilar to the conditious to be seen to-day by the traveler through 
the semi-arid regions of the great Southw^t- The plant life is 
somber: huge scouring rushes, ferns, and pine^, with no flowering 
plant to break the monotony of the dull dust-covered greens. Here 
and there are dry stream-beds carrying at times great floods, while 
occasionally there arc formed extensive bodies of w ater w ith char- 
acteristie inscctu and other invertebrates, fishes, and crocodile-like 
reptileSr In the Connecticut valley deptbits, skeletons are ex¬ 
tremely rare and the few' which have been found are largely those 
of dinosaurs, and in but three or four localities. The footprints, 
however, for which this region is justly famous, are oumberiKSs, 
and indicate hosts of creatures of more than a hundred kinds, as 
full a record of vertebrate life as in any other time and place in 
the geologic past. The dinosaurs are mainly cannvorous, though 
impressions of the feet of herbivores give iadubitablc evidence of 
their presence at this time. 

Jurassic.—During the long Jurassic period, the second division 
of the reptilian age, the known fossil-bearing rocks are m largely 
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of marine origJa that, eseept for rare instances where the animaf 
has accidentally been carried into the aea, the record of terrestrial 
life is almost a blank. At the close of the Jurassic, however, we 
have another glinipae of well-nigh the entire a^mblage of dino- 
saurian life. The scenes are laid along the eastern United States 
from Maryland southward, but more notably in Wyoming, Colo¬ 
rado, and Utah, and in the Old World in southern England and 
northern France and Belgium. In contrast with the aridity of the 
former scene the climate is now moist, and the eye ranges over an 
extensive, low-lying country with misty bayous in which the huge 
Sauropoda, now in the flower of their evolution, find retreat. In 
Europe and wistem America the vegetation, thnugh far more lux¬ 
uriant, is of the same monotonous t>'pe as that of the Triasj but 
in central and eastern America appear representatives of the flow¬ 
ering plants, the dominant flora of to-day. Here are predentate 
dinosaum, armored and unarmored, and while the foroter are still 
relatively few, Stegosaurus already show's the senile grotesqueness 
which heralds its extinction. Camivoies email and large, now in 
their millennium of numbers and differentiation, ceaselessly seek 
their prey. 

Late Cretaceous time ushers in the third and last scene, of much 
the same geographic extent as before, but with the sharp contrast 
of an essentially modemired flora, for the forests now contain many 
familiar trees and plants though often in unfamiliar combinations. 
Again our record is of low-1 jdng countjy—stretches of everglade 
and swamp lands with higher areas between—but the 
have changed; for while the carnivores are now in their maximum 
of size, the bauropoda ha\e nrn their course and, except for a hsw 
remote survivors, ^ largely e.xtmct, Unarmored (linosaure are 
in their prime, only m rare cases ehoiving indications of degeneracy, 
while the relatively few heavily armored types are represented by 
the most impregnable of their taw. The homed dinosauis begin 
and end their brief evolurionaty career. 

Thus it will be seen that the law of the balance of nature was 
as operative during the ^Mesozoic as it is to-day, and tliat as the 
carnivores grew and w'axed mighty, the herbivores were forced 
to meet the menace of their aggression in several ways; either by 
increase in numljers, for the remains of carnivores are very rare 
comparwl with those of the herbivorous orders, or by speed, or by 
increase of bulk, which also meant a partial foraaking of the ter^ 
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restrial habitat as with the Sauropoda and Hadrosanrida&. Or 
it meiijit the development of armament, either <jf defensive armor 
as in the stegosaurs, or of aggressive armor and weapons as in the 
eeratopsians^ The laek of brain power placed a prendum upon 
brutality, and never;, perfiaps, before nor ^ce has the a nim al 
world felt to so great an extent the burden of preparedness. 

Extinction.—One of the most inexpLlcable of events is the dra¬ 
matic extinction of this mighty raeej for in the rocks of undoubted 
Tertiary age not a single tmee of them remains. One student 
has argued intemecine warfare amongst the dinosaurs themselves; 
another, the destructive slaughter, not of adults but of the young, 
possibly while yet in the egg^ by small bloodthirsty mammals; 
yet another, change of climate^ either by the diminution of the 
necessary heat without which no reptilian race may thrive, or of 
the moisture with an accompan 3 dng change of vegetation. These 
arc all conjeeturaJ causes of extinction; but this wb know, that 
with the extensive changes in the elevation of land areas which 
marked the close of the Me^aoic came the draining of the great 
inland Cretaceous seas along the Iqwdying diores of which the 
known dinosaurs had their home, and with the consequent restric¬ 
tion of old haunts came the blotting out of a heroic race. Their 
career was not a brief one, for the duration of their recorded evolu¬ 
tion was thrice that of the eutire mammalian age. They do not 
represent a futile attempt on the part of nature to people the world 
with creatures of insigniheant moment, but are comparable m 
majestic rise, slow culmination, and dramatic fall to the greatest 
nations of antiquity* 

OiUGiN OF Brans 

Birils are doubtless derived from tbc same stock as gave rise to 
the dinasaurs, the Pseudosuchia, and Huxley years ago recognised 
the very close reptilian affinities of the birds by calling them 
"glorified reptiles,” 

Avian Distinctions.^—The principal points of contrast between 
birds and the reptilian dinosaurs of the mom generalized type lie 
not in the character of the pehus or of the foot^ nor in the pres¬ 
ence of ossified tendons along the vertebral caiumn^ nor in the 
presence of teeth, for these are all hkeneases, and only a few out of 
many such. The main distinctions arc due almost without excep¬ 
tion to the asaumption on the part of the bird of aerial life, and 
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hence the birck may be considered simply the volant branch of a 
group of which the dinosaurs were the terrestrial members. 

As a result of their fljing adaptation, birds hai-e the fore limba 
transformed into wings, and the scales, except for those on the 
feet, altered into feathers for warmth and to increase the supports 
ing surface^ The blood becomes warm, with an adaptation to main¬ 
tain it at a given temperature, which may, however, have been true 
possibly to a limited extent of the dinosaurs. Tlic birds also have 
developed pneumaticity of the skeleton for lightness as in the 
ccelurosama and an extensive sj'atem of air cells throughout the 
body. Their organa of nutrition ate highly developed because of 
the great expenditure of energy which ftight necessitates, and their 
circulation is very perfect, which again may have been true of 
dinosaurs, but this we have no means of knowing. The loss of teeth 
is foreshadowed in the dinosaurs, the dental battery of several 
being a very inadcqimte thing, not so efficient in fact as that of the 
Cretaceous birds, while in StruthiotniTnus teeth were entirely lacking. 


Oriffin of Flight 



Several hypotheses have been advanced to account for the 
origin of flight, one group of authorities poatukting an antecedEnt 


no. l61.-R«to«ana ^ or anc«tor of the hlrfa 


arbore^ li^Fe, while others would derive flying forms from those of 
cureonal habits, and yet others have be]iD\Txl that the birds are 
diphylctic, the carinate or flying birds having an arlmreal ancestry 
wble the ratite or cursorial birds were of terrestrial stock ^ 
Cuisoria] origin of flight has been advocated mainly 'by the 
Hunganan paleontologist, Francis Baron Nopesa. A discussion 
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of hi 3 theoiy folloH^. Xopcsa did not bdJeve that the flight of 
bats and pterodactyls, which fly by irieans of patagia, and biids, 
which fly by means of feathers, could possibly have arisen id the 
way, for the patagium-nier must always adapt both fore 
and hind limbs and tail to the support, of the membrane, whereas 
in a generalized feathered animal only the feather-supporting de¬ 
ments need become affected by volant specialization. 'Fhe d^ 
velopment of the posterior limb in such an animal is but little if 
at all alTeeted by the development of fligjit- The hind limbs of 
birds are so similar in structin^ to those of the cursorial dinosaurs, 
in which so far aa we know no flying poa'ers were ever developed, 
that the type of modification which they both represent can only 
be interpreted in the light of a function possessed by each. 

The inference is therefore that birds arose from bipedal long¬ 
tailed cursorial reptiles which, during running, oared along in the 
air b'^ flapping their free anterior cxtremiticb- These would of 
cours^ be more effective if their breadth could in some way be 
increased to gi ve them a ^ater bearing stirface, and the increasing 
size of the scales along the arm margin would be a ready means to 
this end. Similar scales might develop along the margins of the 
tail for the same reason that lateral tair? have dev'eloped on the 
tail of certain bipedal mamnialB (jerboa, sec Fig* 48). These 
scales xvould extend, lighten, and ultimately evolve into feathere 
which would not only subserve the function of flight but, acting 
as clothing, retain and aid in the increase of temperature, which 
in turn w'ouid help to improve both the physical and mental activ¬ 
ity of these forms; and this is a sufficient reason for the dominanoe 
of the binis over all other aerial rivals and for their sur\'ival after 
the extinction of their dinosaurian kindred. 

A Danish scientist, Gerard Heilmann, who has made an ex¬ 
haustive study of bird origin, does not accept Nopesa's theory, for 
with ])urely cursorial animals the grasping hind toe or hallux ten 
to vanish and the fore limbs to reduce in sire rather than elongate. 
He believes, on the contrary, that the birds and certain dmo- 
saure come from a common arboreal stock, from which the latter 
early returned to a terrestrial mode of life. On the part of birds 
the return was long delayed until after the assumption of flight. 

The proavian was therefore a form interraediate in structure 
between oertain Peeudosuebia, such as the Triassic 
and the Jura&dc Archsomis {Arckssopttrux in part), the earliest 
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knowD bird. It had graspiag feet which were in no way concerned 
flight as with bats and pterodactyls, a hand with three long. 
Blender fingers, and an elongated reptilian tail. In some of the 
psGudosucliiana the scales, are already elongating and show strijB 
indicative of the w ay in w hich feathers arose, for the feather may 
be considered as a long, frayed-out scale. Heilmann thinks that 
the feathers fm?t evolved aa a heat-retaining clothing, from which 
their supporting function along the margins of the fore limb and 
tail could readily be derived by further elongation. The pro-aviana 
used arms and tail for support in their soaring leaps from tree to 
tree or to the earth, for it is conceivable that, while good cUmbere, 
they were also well able to run on the ground, in contrast to the 
helplessness of bat or pterosaur under like conditiona. In either 
situation, in contrast to their sluggish reptilian forebears, the 
birds were ^ways active animals in the pnrBuIt of their prey, which 
not only stimulated the evolution of warm blood and of flight but 
made them dominant forms in their true environment, the air 


Geologic Record 

Upper Jurassic.—The earliest recorded birds are known from 
two well-preserved specimens, one headless, now in the British 
Museum in London, (Art^isopieryx) the other, which beare a head, 
in Berlin (Arcksomis), They arc both from the Uthogrephic quarry 
at Solenhofea, Bavaria, and were contemporaries with Comvso- 
gnnihus, not, as we have seen, the earliest, but the smallest known 
diso^tir. 

Arckxomia ww about the siae of a crow, feathered, and with 
fair powers of flight. There were, however, several eharacteristicB 
wherein it was more reptile-like than are modem birds These are 
the presence of teeth in both jaws, the free, clawed fingere of the 
hand which were not yet fused into the form of the modem wing 
the feebly developed sternum, and especially the poaseaaion of a 
long tful on either side of which the rectrices or steering feathers 
were arrwiged. In all subsequent birds the tail is shortened and 
the feathers are disposed fan-wise (see Fig. 80,A* and PI XIV) 

Cretaceous,-The Cretaceous chalk (Niobrara)'of Kansi 
produced the neijt recorded avian remains in geologic time These 
strata are marine, for besides invertebrates and riiarks and other 
sea-fishea, they contain moaaaaure, sea-turtlea, plesioaaure and the 
fiah-eating pterodactyls Nyctosaums and Pleranodott The birds 


BEAKED DINOSAURS AND ORIGIN OF BIRDS 495 


belong to two main sorts, both of which were doubtless aquatic, 
but the larger of them, He^peromis (PI, XY), was especially so, 
since it had lost the power of flight- The other, hhUiyomis, was a 
small tern- or guU-like bird well endowed with flying powere and 
easentiaCy modern except that, Uke nespentmis, its jaws still bore 
teeth. It is interesting to note, however, that in common with the 
predentate dinosaurs (except one or two) the teeth in both of 
these genera were confined to the maxiUary and dentary bones, 
the pre*maxU]aiy, which forms the forward part of the upper jaw, 
bein^; tootliless. 

H^^ornh wfli a splendid bird measuring over four and one- 
half feet in length, with powerful hind limbu which, while rendering 
the bird awkward on landj 




must have been ver^'^ ade¬ 
quate swimming organs. 

Loss of flight is indicated 
by the reduction of the 
shoulder-girdle, and espe¬ 
cially of the wingj which 
is represented by a long^ 
slender humerus, the fore 
arm and hand being en¬ 
tirely lacking. The breast¬ 
bone also is devoid of a 
keel for muscular attacb- 
mentp resembling that of 
an ostrich. On the whole^ 

Ile^peromis finds its re- 

«nt «»log>- ta the 10.™ 

Or great divers, and except 7 feet. (Bcatoration after Mat- 

for its flightless condition itcn'.) 
may have had quite similar 

habits of life. Other Cretaceous genera art known, though vejy im¬ 
perfectly, but, with one posable exeepliHjn, they all agreed in the 
pension of teeth, although in other respects they were essentially 
motlenmed. Two original mounted skeletons of Hesperorma 
and two of lekhyomU, the latter unique, are preserved at Yale. 

Tertiary birds le.ave but little to the imagination, ua they are 
similar to those of to-day. It is interesting to note, however, that 
the loss of flight occurred apparently several times among Tert iary 
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forms, for even from the Boceoe forniatlon in moat parts of the 
world numerous big Ratites (i. e,, cursorial birds), such as I>iatjyma 
(see Tigr 1G2), are known, which can only have oiiginatc^d from 
badly-flying ^und-birds, whereas in more modem times the 
Ratites are apparently vanishing from the earth's surface. 

The birds as a class are a very compact group and do not begin 
to show the range of sije and adaptation of the reptiles as a whole; 
in fact, in this respect they hardly rank w ith the dinosaurs. With 
them it is perfection and multiplication of detail, and the most 
e^ntialty modem among them are the small tree or perching 
birds of the order Passeress. 
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CiL\PTER XXXn 

ORIGIN OF MAAIMAI^ AND RISE OF ARCHAIC 
MAALMALS 


Definition of Mammals—Mammals may be defined as wann- 
blooded creatures whose body is more or less clothed wnth hair, 
whose yoimp are produced alive, except in the egff-laj-inR mon- 
otremes, and are nourished for a while after birth by the sccrettona 
of milk (mammary) glands. The skeleton shows several important 
distmetions from most reptiles and birds, having a double w- 
cipltal condyle—the articular facets which unite the akuU with 
the fiiat cervical vertebra—and having a simple lower jaw. In rep¬ 
tiles and birds, on the other himd, the condyle is gcneraDy singlo 
and the jaw is a bony complex. There is also an inteiwemng 
bone, the quadrate, between the jaw and the skull, which is lack¬ 
ing in the niamnial A further mammalian distinction lies in the 
fact that the vertebr® and limb-bones ossify' from three separate 
bone-foritviDi^ eeiitet*^: the body or as the ease may bcj and 
the articular ends or epiphyses. The niamraalian dentition 19 
peculiar in the local differentiation of the teeth (h^erodonty) into 
incisors, eanines, premolars, and molars, and also in that there are 
but two sets in series, the milk or lacteal teeth and the permanent 
ones; never does one see anything comparable to the amazing siic- 
cessional teeth of the predentate dinosaurs, for instance. Sceond- 
arilv acquired simplicity of the teeth may occur aa in the toothed 
whiles, and the number of teeth may be increased or reduced. 

The mammals are certainly the highest class of vertebrates from 
many standpoints; in some ways, however, this place may be dis¬ 
puted by the birds, but the latter represent the culmination of one 
line of ascent and the mammals another. 


Okioix of MaMMAIjS 


Stock.—At least two views have been held as to the origin of 
mammiilB The oldcr one, that advocated by Huxley in 18S0, would 


* AU boee fiwt 'of cartlUiw. 

rtc., beins thtrtin in n (lefiniui W by th* octivity Cf certnin coU*. dm 

bone Mfpuwirtt This ifl known Hfl oaffifiration. 
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derive tliem from the Amphibia. Much in Huxley's theory ia 
undoubtedly correct, except that authorities do not now believe 
that the Amphibia represent the tieit lower stage, but that there 
was an intervening ooudUion, one in which gill-breathing had 
been lost but truly mammalian characters had not yet appeared, 
although some of them were already foreshadowed. 

There are found in Triassic rocks in South Africa a group of rep- 
tiJea kno^TD as the Cynodoutia, in allusion to their dog-like teeth, 
and there seems to be a large body of evidence in favor of the view 
that out of this group, although from no known member of it, the 



Fly, l63r—SkuU of cynodont neptilej 

IsTvcUm, Ttiafl, Sooth ' . ^ -* ———j uu 

^ric^ Noto the M^iiLal-tiko twtb dition to which there am similar,* 


niEctiinals hav€ been derived 
(see Fig. 163)^ The cyDodonts 
resemble the mainitiala in the 
possession of a het^rodoot den^ 
tition^ in that the teeth are 
eleiirly di^iaible into inewm* 
canines^ and molars^ and in the 
paired occipital condyles, in ad- 


but ittes of constructbn, Structui- 

4ntf, angularart , -tructur- 

■ ■ the cynodonts bridge the 


dfiutaiy;/u, jugid; kcbn-mal; Lut 

mawliaiy^; Aa, imeal; Fa, parictah g^P between itjptilcs and mam 
i-mr. prt^axilkryj PoO, *' 

Pr. F.f prefrontal; JS, aurangular; 

Sfl, «qiiamwal. (After Broonip from 
Schuchert'fl HijUori^ Gcotoffy.) 


mals because while the dentary^ 
the single bone of the majtinia- 
han lower jaw, ia large and im- 

1 .1 . .. P^rtant, the jaw is nevertheless 

complEx in that it the several bones typicaJ ef the rep¬ 

tile. There are other reptilian charactei^ as well, aU of which mav 
rcssonably be expected in the remote ancestors of the Mammalia 
^ese cynodont reptil^ are low m the reptilian scale, fer removed 
from the dinosauis and bind-i with which we ha ve been concerned 

" .pecir ™o»g 

v'.S.“a°' of tWs „,*r i» h„th 

North Amen^ and Afnca, although they must have been much 

more widely diffnaed it waa possibly in the latter place that the 
mammab ^ probably due not so much to the potentiality 
possessed by the reptiles of one place over the other as to a 
happy combination in .Africa of a [wteut stock and an impelling 

C'S'llSCi 
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Cause.—A cause for the origin of the tnammala has been moo- 
tioned ill Chapter XIX under the caption “Significance of cursorial 
adaptation.” Therein is emphasized the statement made by Broom 
that all of tbe characters wherein a mammal differs from a reptile 
are the result of increased activity, for he says tliat when the 
cjTiodont took to walking with feet underneath and body off 
the ground, It first became possible for it to become a warm-blooded 
animal. But back of this lay impelling geologic cauBes which 
Broom docs not even hint at. These were, first, inercasing aridity 
of climate, which from FcnnUn time well into the Jurassic seems 
to have been characteristic of all lands, as the extensive series of 
red Sediments may imply. And aridity has been found to be a great 
stimulative to speed. Add to this the evidence, especially in the 
BDuthem hemisphere between latitudes 20“ and 35 , of extensive 
gbeiation-greater even than in the more familiar Pleistocene 
Glacial period—and we have a high incentive to the retention of 
bodily heat. For it is well known that cold more than any other 
factor limits the activity of reptUes and effectively prevents their 
distribution into the higher latitudes. For a while, perhaps, there 
were recurring warm seasons, sufficiently long and frequent so tliat 
a normal reptilian life could still be led. the ertature hibernating 
when the weather became too severe But, as in the case of the 
activating limg-far^Athing fishes^ Biifiicient time miiat atill be had 
for the active portion of the creature's career, bo that, although in 
the origin of terrestrial forms premium would be placed the 
capability of atmospheric re-spiration, here it would be upon ability 
to withstand the cold and yet remain active, and the acquisition 
of w'arm blood and a heat-retentive clothing is the only possible 
means to thLs end. Hence as immediate geologic causes of mam- 
malian evolution we have, first, aridity, the incentive for speed, 
rendering possible the development of warm blood, and second, the 
moreasiiig cold to pl^ce preniiiifti upon such aa did develop it and 

to eliminate tbose which did not. ^ j 

Time_The time of mammalian evolution can only bo fixed 

within certain limits. Geological eridence, if we have ™d the 
cause aright, points to its inception m Fcrmtan time for there is 
now undeniable evidence that in middle Permian times most of the 
lands in the aouthem hemisphere were subjected to as severe a glacial 
climate as that of the present polar areas, and that this Permian 
glaciation was likewise interrupted by timesof warmth” (SchuebertJ. 
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On the other haod, the geologic record seema to point to the 
Triassic at any rate as the time of the culminatioii of the evolu¬ 
tionary mo^'ement, for here are found for the first time the cyno- 
dont reptiles and the actual relics of the mammals themselvea. But 
the cause must always precede the effect and it may be that the 
known cfynodonts were persistent reptilian survivors of the group 
out of which the matmimls actually sprang, and that the earliest 
known mammals themselves had already had a long transitional 
period. It seems reasonable to suppose, therefore, that the time 
of mammalian origin was not later than Middle Triassic nor 
earlier than Lower Permian, 

Mesozoic ^L4MiIALs 

Deployment, As with the dinosaurs three important vistas are 
open to our scientific vision, so it is with the Mesosoic mammals. 
We see them in late Triassic time in Germany, England, and 
South Africa, in Jurassic in eastern Wyoming, and in late Cretan 
ceous in the same general region. Again as in the dinosaurs, there 
arc other occurrences of leas importance, but the three mentioned 
above are so placed in time that their interest is thereby greatly 
increased, for they may be considered roughly to mark the stage 
of evolution of this all-important class at the close of each of the 
three great periods of the MesoBoie—the Triassic^ the Jurassic and 
the Cretaceous. ' 

General Characteristics.—The general characteristics of Meso¬ 
zoic mammals are, firet, their small size, for the average among 
them could hardly have exceeded the stature of a rat, although 
some attained that of a fox terrier. Their habits wem doubtless 
varied. Some had sharp-pointed teeth compamble to those of 
liviug iiwectivorcs (see Fig. 167), and like them adapted to a 
varied animal diet—insects, worms, young birds, and reptiles— 
in other words, such creatures as they overcame, for in all probabil¬ 
ity the gratification of their appetite was limited hugely by their 
lack of prowess. Othem had teeth bettor fitted for an hcrbi%'orous 
than an animal diet, with sharp cutting inciaors, almost like those of 
a rodent in front, shearing premolars and many^susped (multi- 
tubcrculate), broad-crowned, grinding teeth behind (see Fig 166) 
Id certain instances their teeth are quite suggestive in ^neral 
form of those of the rat-kangaroos of Australia and Tasmania all of 
which are small animals, hardly exceeding a rabbit in size’ noc- 
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tumal, and feeding on the leaves of vaHous kincb of grasses and 
other plants as well as root^s and bulbs which they dig up ^vith. 
their fore-paws. There ia little doubt of the herbivorouis cliaracter 
of these Mesoaoic forma, although in trjang to &K upon a precLso 
dietary' from analogj^ the possibilities of the contemporaneous 
vegetation must always be boroc in mind. 


i-Iattbew has dl-^cussed in some detail the implied habitat 
of the IMesoaoie nrnnimala and has come to tlie inclusion that they uiere 
largely arboreat, hw conviction being based chiefly ujKun the s^letal 
characteristics displayed by their desceiidivnta. lie say^: “The Crela- 
ceoiis ancestors of the Tertiary nismnfiab were small arboreal ammaL'^ ol 
verj' (inirorm skelcta! charartcis, but probably somfiwlmt diffcrtotsotj^ 
in deiititioti aecoidiDg seedis and nntii^ or in^seets fonned the staple 

of their diet. At the bcginninR of the Alcsozoic tlic aiTiilahEe modes of 
life for land verlebmiets were chiefly the amphibioHs-aquatie, the arboreal, 
mkI tlie atria], the terr<sitrial halatat teing siilairdimte because the up* 
larid Hura was larsely undeveloped i>r iirediblc as compared ^itli its 
eiit eondittiNu' Tlw tliree available provinces were occupif^ by reptilss, 
mammal-*, and birds respectively. In the later Cretaceoua spread of a 
great and varied upland Bora vastly extended the terrtstrial previnee and 
opened a new and constantly widening field for the expartsion of the 
ATantmalia. ... The little that ia known of the MesoMic irammidia 
fits in with our hypothesis of tbeir atlwreal habitat but adds little to the 
evidence in ite favor. PmctU^ally nothing U knowm of the^ skeletal struc¬ 
ture, they are ail of soiall or minute with teot-b of jiiseetlvorou^ or 
granivorons type, . - Their minute 

Bjze, Eiad associaticiDj in strat^a of 
fresh or brackiiih ii'ater origirij with 
larRe amphibiotis and aquatic reptiles 
and with abundance of fotsiE wwd, 
suggest that the deposite in which they 
occur were laid down in estensive 
fores^t-clad river deltas and coaatal 
ewramps, and tllat the minute Mam¬ 
malia represent the arboreal fauna of 
these forests." 



Fia, — CynadoTit reptile^ 
Trias, North 
Carolina- Twice natural wkc. (x^fter 
Oalidm^ from Schaeticrt's ifwion'fiai 
Qeohffif^) 


Classification.—The order " Proto<iotila," tvhich apparently has 
no validity, included two small jaws called respectively Micro- 
conodoti and DromaUierivin. They were discovered in a coal mine 
at Egj-pt, North Carolina, tuid are of Upper Triassic age, eon- 
tempomneous with the far-famed Connecticut valley beds, '^le 
dentition is that of the cynodont reptiles rather tlian ttiammalian, 
and the principal evideneo of mammalian affinity lies in the 
apparently siinple jaw, which, as preserved, consists of but a single 
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bone (gee Fig. 164). Recent restudy by Dr. George G. Simpsoii has 
ahowd, however, that the specimens are defective and thati in aU 
probability^ the jaw was complex. This necessitates their refer¬ 
ence to the cjmodont reptiles rather than to the manimatian class. 

In the order Triconodonta, the teeth arc more perfectly formed, 
but the molars are characterized by having but three cusps ar¬ 
ranged in a single longitudinal row; of these the middle cusp is 
usually dominant;, the others being much amallcr. At times, how¬ 
ever^ the latter may equal the median eugp in height. Their 
relationships are doubtful. 



Fig.. 105- Triconodont inatamBlp Priacp^on feraXf Wyomms- 

TbitH times nature (After Marah,) 

Triconodont^ first appear in the Lower Jurassie t^?tonesfield slate) of Kng 
land, in the genus Tricon^on conies fmrn the Upper Ju- 

raaic of liinglandt while ft related, poK^ibly cf[uivalent genu!5 CDin^ from the 
Juraasic of Como Bluff, Wyoming, which Is ttie upper limit of their range. 

The A.U/OthsTt& or Alultitubcrculata ate aiuoiig the olde^ of m.ani“- 
malg, for their characteristic molar teeth arc found In Upper 



single pair of rodent-like incisors above 
and bclow^ while the molars bore two 


or three longitudinal rows of tubercles, hence the name Midti- 
tubereulata; the premolarg were either simpl&^usped or conk 
pressed, sharp-edged, cutting teeth. 
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The most notable forms am Trii^flodon, b large type from tbe^uroo 
beds (Lower Jurassic) of South Africa; Thomofia of the Upper Tnas of 
Europe; Plagioidax from the Jmassic of Europe and North America; 

(Fig. lOO) and from the Paleocene of North Amerififl^ 

The Allotherift have been included under the Maniupialia, but there is 
not tbe least likelihood that any eiiisting mammals were derived from 
them. 

The are a little-known group eonfined to the 

Upper Jurassic of England and North Ainerica. Their molars have 
three main cusps arranged in a triangle. Sv^daci^ih^ium from 
England and Tinodon in North America are the best known repre¬ 
sentatives. They were apparently an isolated order, distantly 
related to the Pantotheria. 

In the nejtt order, the Pantoiheria, the dentition, wlule simpler, 
suggests that of the insectivores to such an extent that they have 



Juraseic, a, amine tooth; coronoid; d, miglc. TVi^ 

natural (After Marahr) ^ee Plate Xt 1^ 

been oonaidered by good authority as tbe actual forerunners of that 
group. The molars have four or more cusps, but instead of bdog 
arranged in lineal scries, as in the triconodonta, tbe th^ principal 
cusps are in the form of a triangle or trigon, the main one being 
on the inner side of the teeth in the lower jaw and on the outer 
side in the upper jaw. In habits the pantotheres were probably 
insectivorous and they have been classed with the placental mam¬ 
mals as primitive Insectivora. Their time range is throughout the 
Jurassic, and although they then became extinct as an order th^ 
may still survive in their descendants—'poKaibly the true insecti- 
vores among other orders {see Fig, 167, also PI. X\ I). 

Arnphitherium, one of the oldest genera, w from the Ix.^r Jnr^ 
(Stoncsfield slate) of Enghuid, us from the English Pur^ 

(Upper Jurassio), while the more familiar American forms arc DryoteeUa 
and IHcncj/nodoii from the Jurassic of Como, tV joining. 
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SCHEHS OF HEI^TIQKSETFS OF THE MESOZOIC 
UAUMAU. AFTER SIMFSOK 



Check on Me$ozoic Mammalian Life.—Perhaps the most re- 
markahle t hin^ ahout the ^fe&ozoic Tnamniala La thcLr apparent 
conaenatism aa regards evolution, for we find so little recorded 
change, compared with that of the reptiles during their long-diawn- 
out career, that we look instmctively for some inhibiting cauae. 
After the estabhslunent of the inammals late ^fnaasic time there 
are no great geologic or climatic changes of a revolutionary char¬ 
acter to quicken their evolution until the close of the C'rctaceous 
and, while reptilian djiiasties wax and wane, the trend of their 
evolution seems pretty well established after the early Jurassic, 
the remarkable types which appear later being largely the flores^ 
cenoe which characterises racial old age. But tiith the close of the 
Age of Reptiles came a most momentous change in mammalian 
evolution, when the sluggish stream of their existence was quick¬ 
ened into life and their remarkable radiation began. This may 
have been due in part to the expansion of the upland flora which 
as Matthew bcUeves, was either restricted in its development 
or of a sort not suitable to mammalian dietary' during the Meao- 
soic. But it seems reasonable to suppose that the inhibition of 
mammalian evolution was due not so much to lack of a suitable 
physical and floral environment as to an ovenvhelming check 
agaiiust which these small cineatuns could not contend 
There is in the Yale Museum a remarkable series of mammal 
jaws and teeth from what is known as “Quany 9” at Como Bluff 
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Wyoming, which lies in strata of Jurassic age, Associated with 
them, among other reptilian remains, was a single tooth of a 
carnivorous diitosauT, perhaps Alfosaurwa, a tooth keon-pointed 
and terrible, like a curved dagger with serrated margins, and m^y, 
many times the bulk, not only of the teeth but of the entire jaws 
of the associated “higher” forms. This tooth, suspended hke 
the sword of Damocles (PL XVI) o^-er the head of these actually 
associated mammals, brings before the mind s eye broad vbias o 
low-lying, well-watered woodland with ever alert furrj' forms tak¬ 
ing such refuge as the trees or shrubbery or occasional hiding holes 
could offer, in the midst of stalking terrora such as the world never 
saw before. That the mammals managed to maintain themselves 
is not surprising, for there is a teeming horde of small manim^dian 
folk in the tiger-haunted jungles of India to-day; and that they 
did not dispute with the dinosaurs the realms of greater oppor¬ 
tunity is but a logical assumption. 

The Release.—If our premise be true, the great Tertiary expan¬ 
sion of mammals therefore is only in part the direct outcome of 
changing geologic conditions, the primal incentive hemg the re- 
moval of the reptilian check- 

Aiicit-'vic JIammals 

This is the narao given to the creatures which^ in early Ter- 
tiary time, supplanted the great reptiles in their vracatod habitats. 
They constitute the first great mammalian adaptive radiation, but 
one of short duration, for they were soon to be displac^ m their 
turn bv mammals of a higher sort, the so-called modernized mam¬ 
mals. Fora while these archaic types sen,;ed very well, and doubt¬ 
less had it not been for a competition which they could not meet, 
they might have survived for a longer period; but there w aa wntten 
over f gjtlTiKf. them the memorable in^ctment—' ‘Thou art weighed 

in the balances and found wanting- ^ ^ 

Defects.—There are two prime essentials to every creature a 
adaptation to its enviromnent-it must have safety and food. 
Hence two principal structures are of paramount imporbuice: 
locomotor organs, that it may flee from ita enemy or overtake its 
prey, and efficient teeth that it may utilize such food a« is avail¬ 
able. In other words, the two organs whose contact with the en¬ 
vironment is most intimate are the feet and teeth, and these are 
seen to suffer the most profound changes mth the passage of time 
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and the consequent changing of the envitonment. Kot otdy must 
these oig^ns be adapted to immediate need, but adaptable to the 
inevitable changes of conditions which time will bring. Thus it is 
that by a study of feet and teeth so much of an animal's life con¬ 
ditions and consequent habits can Ije deduced. Add to this a 
structure of which the dinosaurs made hut little, but which in 
mammalian evolution became mcrcaaiiigly important^the brain— 
and the tale of the requisites for future evolutionary success is 

complete, l i. - 

It wfts apecifically in these three things that the archEic rnam- 

mate were deficient, for while sise, strength, physical prowess, arms 
and armament were theus in full measure, their feet and grinding 
teeth were conservative, inelastic, and incapable of meeting new 
conditions as they arose. Their brain too was singularly ol^ 
fashioned, generally small, but always relatively undeveloped m 
comparison with that of modernised mammals of equivalent bulk, 
especially in tbe part wherein the mtelligence lay (see Fig. 168). 
Hence it is not surprising that the career of these forms was bnCT 
and that with rare exceptions they have suffered racial death and 
vanished as utterly as did the dinosaurs before them. 

Classification.—'^Nature," as Osborn sa3Ti, "deals in transi¬ 
tions rather than in sharp lines. We can not circuniscribe the 
archaic mammals sharply, nor be sure as yet that some of them 
did not give direct descent to certain of the modernised mammals. 
Yet the mammals of the basal Eocene IPaleoccne] of both Euto[« 
and North America are altogether of very ancient type; they exhibit 
many primitive characters, such as extremely small brains, sirup e, 
triangular teeth, five digits on the bands and feet, prevailing planti- 
gradism. They are to be collectively regarded to the first grand 
attempts of nature to establish insectivorous, carnivorous, and 
herbivorous groups, or unguiculates [clawed forms] and ungula^ 
[hoofed forma]. The ancestors or centers of these adaptive radiar 
tiona date far back in the Age of Reptiles. At the beguming of the 
Eocene we find the lines all separated from e^h other but not as 
yet very highly spceializcd. The specialization and divergence 
of these archaic mammals continue through the Eocene pen<^ 
and reach a climax near the top, although many branches of this 
archaic stock become extinct in the I/ower Eocene. The orders 
which may be provisionally placed in this archaic group are the 
following: 
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“Marsupialia 

PJaccntalia 

Insectivora. 

Tffiniijdoiita. Edentates with enamel [-banded) teeth 
Creodonta. Arehoic families of camivofes 
Condylarthia. Primitivie light-limbed cursorial ungulates 
Amblypoda, Archaic, typically lieav5''-linibed, Blow-tiioving 
UDgubtes. 

This group is full of analogies, but is ivitliout ancestral ailinities 
to the higlier plaoentals and maisupials. There are forma imitating 
in one or more features the modem Tasmanian' wolf’ {Tkylacyntts), 
the bears, cats, hyiBnas, civets, and rodents of to-day, but no true 
members of the orders Primates, Rodeqtia, Carnivora, Perisso- 
dactyla, Artiodactyla have been discovered," 

Of the archaic mammals wc wiU turn our attention to three 
groups, of which the first is the Creodonta (Gr. flesh, and 6Saut, 

tooth). These forms resemble in many details the hoofed Condy- 
larthra next to be described, but differ from them chiefly in the 
skull and teeth, in that they have more the aspect of a true carni¬ 
vora than the condylarths which were largely of vegetarian diet. 
The terminal phalanges (unguals) are also more elaw-like, although 
there are exceptions to tliis rule, notably in fFig, 

169, C, PL X\ ti). The skull of a creodont djffere from that of a 
carnivore, for wliile it U always large for the size of the animal, 
there is a much araaller brain-case, thus necessitating a high crest 
of bone along the mid-line of the cranium (s^ttal crest) to obtain 
sufficient surface for muscular attachment. There are widely 
expanded tenipoml or zygomatic arches for the same purpose. 
The teeth also differ m not being so perfectly adapted for a flesh 
diet as in the true caruivorGS. In the latter (see Fig. 43), certain 
cheek teeth are almost al ways enlarged and modi fled to form a 
wonderful shearing device, and these so-called carnassial teeth 
(Lat. care, flesh) are, when present, iMParfcify the fourth upper 
premolar and first lower molar, expressed thus: With the ere- 
odonts the camasaiala may mot be developed at all, and if they are 
are variable and not necessarily, indeed mrely, find in addition 
they are rarely confined to a single pair of teeth but are two or 
more in number. 

The creodonts have been divided into at least six distinct fami- 
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Fio. 169.—Crwdaiita. A, Trtlewijwfton. a primitive hj'senodont, Middle 
EoMoe, Nortli Aiiicriw. CAfter Scott.) B, the Lust Burvivorqr tbo 

aioliAic camivoree, Lower OtigoceQe, North America aod the Old World (After 
Oibom.) C, the dog-tike Dnmoqtim, Middie Eocene, North America. {After 
Osborn.) D, PairioftiU, Middle Eocene, North America, (Alter Osborn.) 
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lies, of wMch but one probably gave rise to true carnivores, the 
rest dying out one after another until by Upper Oligocene time 
none were in existenco. The creodonte foreshadow the true carni¬ 
vores in a number of ways, in that certain of them were bear-like 
{Arotocuofi^i otheia dog-Uke {DromfKym) or ottcr-like {Oxysim, 
PotWo/eiia), some like the minks {Sinopa), others cat-like (Z>t4- 
ioata} or resembling hysnaa {Uyien/idim), The last genus is of 
especial interest because together with its Old World ally Pigrodon 



it is the last creodont survivor, existing until the Middle Oligooene. 
One form, /Indrwsarcaa, from Mongolia, attained gigantic size 
the skull alone measuring nearly a yard in length. 

The Condylarthra (Gr. •cdi'SvXiw, knuckle, and npflpoM, joint) were 
a group of very primitive ungulates which, aside from the im* 
plied differences in diet, paralleled the Creodonta closely for 
in both groups there was the same generalized t j-pe of body with 
a long heavy tail and rather stocky, more or lisa cursorial limbs. 
There were, however, relatively few of the condylarths, but four 
families bebg recognized as against six for the creodonts. They 
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range in time from Paleoeene and Lower Eocene, but very little is 
knowTi aa yet of their geographical extent. Scott says of them: 
■^‘They may be looked upon as the connecting link between the 
clawed and hoofed mammals and therefore ancestral to most, or 
perhaps all of the ungulate orders,” One of the condylarths^ Phena- 
codus (Figs- 170; 171; PI. X\lII)p was hailed by ita discoverer, 
Professor Cope, as the five-toed ancestor of the horse, but this is 
now known to be irapo^ble as it b too large and too highly spe¬ 
cialized in certain directions, although very primitive in others, and 
also too late in time to be the founder of the great equine Lineage. 
This genus, from the Wasatch beds (Lower Eocene), ranged in size 
from a fox to a ^nall sheep. While the canines w'ere tusk-like^ they 
were not large ^ and the grinding teeth w^erc iow-crow'ned and of 
atmple pattern, suited undoubtedly to a rather succulent herbage. 
The skull was long and 
low, with a well devel¬ 
oped .sagittal crest and, 
w'hile that portion of the 
cranium behind the or¬ 
bits was relatively long 
as with most primitive 
skulls, the brain-case w^as 
of very small capacity. 

The feet are five-toed, 

^mi-plantigrade, and 
built on a very primitive plan, Ph&i^codus and the earlier Eupfo^ 
U^onia, repiesent the family Phenacodontidie while the other family, 
MeniseotheriichB, embraces but a single knowm genus, M$nis£^iher~ 
turn. These forms, while contemporaneous w tlh the phenacodonts, 
were more advanced in tooth structure, for the cusps of the grinders 
have begun to assume a crescent shape such as one often finds in 
the higher odd- and even-toed ungulatea. The body and tail w ere 
long and the limbs, w bile long, resemble so much those of the Hyva- 
ccidea of Africa (see page 557) as to cause the inclusion of Mmis- 
cathenum in that group by certain authorities. Others have con¬ 
sidered the HjTacoidea to be surviving condylar! hs. There arc, 
however, no very good grounds for such an assumption. The 
Condylarthra are of mter^t, however, in that they represent or 
were very similar to what was probably a very widespread group 
o£ primitive ungulates out of which, possibly, all of the other orders 



PlOr 171.—CiirajrifJ archEilc maramat, con- 
dyUrth, Fhmacodm Ijiwer Eocene, 

North ArneriesL {After Osbam.) 
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of ungulates arose. The genera which we know could not have 
been the direct ancestors, but they show us the nature of the un¬ 
gulate ancestry* 

The AiidHypoda (Gr. blunt, and irois, foot), or short- 

footed ungulates, are another group of hoofed forms, among adiich 
wore some that attained a huge, almost elephantine size and in 
epite of a basic primitivenos developed a superficial specialization 
of a very remarkable sort. Their geologic range Is throughout the 
Eocene period, when they in their turn suffered extinction. Four 
families are recognized, of which the two most prunitive are both 
Faleooene in distribution, Pantolarubda, the type of the second 
family, while undoubtedly an ungulate, shows many points of sim¬ 
ilarity with the creodonts. It is described as ha^'ing a head and body 
somewhat smaller than those of a aheep, and much shorter legs. 
The body and tail had somewhat the proportions of the larger 
cats, and the skuU, as with the condylarths, was long and low, with 

Small brain capacity and 
prominent sagittal crest. 
The limbs were very short 
and relatively hea^T, with 
five spreading toes on each 
foot. 

Coi^pkodon (Pig. 172) 
represents the third family 
and i» in many a re¬ 
markable beast. The differ¬ 
ent species vary in size 
from a tapir to an ox, and 
thu.'i are the largest forms 
we have so far considered. They were heavy, unwieldy animals 
whose sliort powerful limbs and spreading feet point to swamp- 
dwelling if not aquatic habits. The skull was laigc and flattened 
in atich n way that no median crest is visible, nor are there any 
indications of horns such as the next genua posses.Hed. The fomnA 
teeth were developed into huge flaring tusks suggesting those of 
the swine. Altogether it wna a heavy sluggish brute whose veiy 
small brain gives evidence of great stupidity. 



Flo- lV2r— Coryphoehn, a irn^fimp-dWielliTie 
amblypod, Lower Eocenci North America. 
(After Qsiwm.) 


UiniaOierium (Dinowrw) (Fig. 173) represents the last family of 
ambbTwxis and in many ways—sbse, up to seven feet in height, 
dentition, and horns—was by far the most specialized, in fact 
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grotesquely so. limba were graviport^Llj quite like tho^ of the 
Proboscides (see Chapter XXX^^ and like them an adaptation 
to carry the creatuie^s great weight. The elephant-lLke charactei^ 
istics extended also to the body, but there the resemblance eeaaed, 
for the skull was totally dissimilai- in that it wm extended upward 
into a scries of homdike pronimenees. The^e consisted of a pair 
upon the nose, which from their appearance may have borne der¬ 
mal horns like these of rhinoceroses. The second pair were higher, 
with bluntly rounded ends, and were probably not sheathed with 
horn hut covered with skin as in the giralTe. There was also a third 
paiTj massive structure^^ S to 10 inches high, which again could not 



Fio, ITA—Horned smblypodp UifU^iihmam, th& cuimiTmtien of Itf race^ Upper 
Eocene^ Wyofiiiiiigr (After Osborr.) 

have borne homy aheaths. Them was a high tmnsvetse occipital 
crest at the hinder end of the skull connecting the posterior pair of 
horns and giving, together with the prominencesp a unique basin- 
shaped character to the top of the skull. Another remarkable 
feature lay in the greatly developed canine teeth, which were 
curved sabers in some genera and spear-shaped in othera, and ivere 
doubtless important weapons. Both the tusks and horn promi¬ 
nences were apparently better developed in the male than in the 
fcmalcp for their variation constitutes about the only difference 
seen in certain skulls. There is no indicatton of a proboscis, as the 
haarI bones, which are long and prorainent in ana 

invariably shortened whenever that useful organ develofs. The 
molar teeth Uitit^henum were veiy conservativep for while one may 
trace a very marked evolution in the skull and tusk^, these impor- 



514 


ORGANIC EVOLUTION 


tant organs hardly change at all fs« Pig, 174). The biain also was 
absurdly small for so large a creature. The anaament of £>i>tocera$ 
may have served a useful purpose but one is constrained to believe 
that, together with the relatively great size, it indicates racial senility 
—the extreme of over-specialization attamed by a primitive gt oc k. 



Fio. 174.—Skidla of UintellierM, nbowing that while the rest of the skull has 
increased markedly in sixe, the length of the tooth row remains approxunately 
the Bome. Solid line, UinlalAmum miTobUt; broken line, Tijtoemu inaaa. 
(Adapted from Marsh.) 

Fate of the Archaic Mammals.—The archaic mammals as such 
have long since vanished from the earth, and w'ere it not for their 
remains entombed in the Eocene rocks we would be unaware that 
they over existed. Theirs was a brief span compared with that of 
the reptilian hordes and also with that of their mammalian suo- 
cossors; but for a while they throve mightily until oompetitLon with 
creatures of a better sort became too great for them to bear That 
they strove to meet this competition is evident, for certain of the 
later creodonts, notably PcUriofeli* and the powerful Harpaga- 
fcstes and especially Anc/rewenrena of Mongolia, increased materi¬ 
ally in bodily size, while the hysnodonts actually increased the 
bulk of the brain, which aided in making them the sole survivors 
of the group after the close of the Eocene. Competition was doubt- 
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less, therefore, a prime which led to the extinction of these 
forms. We have argued racial old age in UiTttalhmum, but if that 
be deemed insufficient in itself, we have the noteworthy fact tliat 
where evolution of an animal runia to the development of tusks and 
horns, possibly favored sexual selection, the grinding teeth are 
apparently neglected and are apt to show arrested development. 
And bulk is fatal where correlated ivith inadequate feeding mech¬ 
anism, and Vfith brain power not adequate to enable the females 
to defend and care for the young as weU as to meet new conditions 
of life. 

Thus the fate of the archaic mammals was^ first, extinction, and, 
secondly, transmutation of a few—a very few—into higher types. 
There remains yet a third poasibUityj and that is emigration, not 
of the later but of the earlier sorts, across the southern land-bridge 
into South America, where together ^\Hth a certain admixture of 
other stock they may have given origin to part of the remarkable 
South American fauna which rose and fionrished during the long 
period of Neogman isolation. Others, passing beyond the limiti^ 
of South America, may have crossed an Antarctic land-bridge 
into Australia, where as marsupials they still per^t. IS^ on the 
contrary, the entire marsupial order is to be considered archaic, 
the conclusion that they may still be survi\dng in these remote 
forms and in the American opossums is tenable. There is a further 
possibility that the American Edentata^ sloths, armadillos, and 
their allies, should be included in the group^ They also have sur¬ 
vived because they found asylum in isolated South America. 
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CHAPTER XXXIII 


INCURSION OF MODERNIZED MAMMALS AND 
EVOLUTION OF CARNIVORES 

We ha^iE apokeD of the tnoderni^ed tnammaLs m contmdiBtiDctioit 
to the archaic forms. It is aecessaiy now to define the former 
more precisely. They include praetEcally all existing mammals and 
come which have become extinct together with their forebears, 
such m; 

Carnivora or fi^iped and pinniped (seals) camivorBa. 

Rodeatia, gxia^^ing animals. 

Perissodactyla^ odd-toed ungulates. 

Artiodactyla, even^'toed ungulates. 

Proboscidea„ elephants and mastodona* 

Primateg, lemunoicls and monkeys. 

Inscctivora, insectivoreSi included by some authorities among 
the archaic mammals* 

Cetacea and SiiBnia, whales and $ea-oows. 

In contrast with the archaic formSi the modemized t^'pes are all 
creatures of high potcntialityp and, where they became extinetj 
were rather the victims of circumstance than creaturcfl which died 
because of lack of adaptability, although certain groups seem to 
have run a natural cour^ and thelt' extinction was heralded by 
evidences of apparent racial senility. 

As the archaic forms were characterized by Lack of progressve 
brain and feet and tocth^ sO" the .modemjjjcd races were dlst-in:^ 
guished fay the pos^sion Bometimes of one (primates), sometimes 
of two (elephants), agam by all three (horse$) of these destiny- 
oontroLLing organs, hut in general the modernized animals w^ere 
progressives, highly adaptable forms. 

Place of Origin of the Modend/ed Mammals.—The simulta^ 
neous appeamnoe of the earliest of the modemiaed mammala in Eu¬ 
rope (lat. 50^^ N.) and North America (lat, N.) points to some 
contiguous land-mass as the original home of those cieatures. 
Hence there has been assumed the existence of a grand northern 
cjommon cento of evolution and dispersal, both for plants and 
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ammaJs. A glance at the map, Fig. 7, drawn on the north polar 
pmjectbnj will show bow logical such an assumption andj 
with the evidence very clearly before u§ of the repeated recurrence 
of a land-bridge across ivhat b now Bering Strait, how readily 
migrants from a circumpolar land could follow the three great 
continental radii to the south, aiTi%diig synchronously in widely 
BCpaiated lands. Of course the theoiy^ of circumpolar origin of 
these mammals assumes a climate far different from that which 
now charactcri3?Cf» this region; but that it was formerly warm and 
equable is abundantly proved by the finding on the coast of Green¬ 
land of the remains of a sub-tropical Bora. Thus Heer describes 
cycads and associated species of plants in the Lower Cretaceous 
as indicatliig a mean temperature of 70"* to 72"^ F.— a temperature 
equal to that of Cuba^—and the aarne flora existing in Spitzbergen 
and in Alaska proves that this temperature was widely distributed. 

Deployments—There is alwaJ^^ a tendency on the part of every 
group of animals, as their numbers increase, to spread from their 
ancient home along lines of least resistance, provided no chmatic 
or otlier insuperable barriers are to be overeoniej and that may 
well have been one very' potent cause for the southward migration 
of the modemiEed hordes. But there was an additional incentive, 
for throughout the early Tertiary' there b evidence of climatic 
variation and of a very' gradual cooling of the northern regions and 
a consequent southward retreat of the higher plants and mam¬ 
mals which occurred as a succe^ion of migratory waves. In this 
way there came, first, the least hardy lite the insectivores and 
primates, the latter especially depending so largely upon the tropi¬ 
cal forest^s for their sustenance that any change either in extent or 
character of their habitat would be reflected in their distribution 
at once. Perissodactyls and artiodactyls also came speedily, ami 
the true carnivores—primitive dog-like forms^—likewise soon ap¬ 
peared. There b reason to believe, however, that throughout 
the whole pre-Pleistocene Cenozoic period the northerly region 
(Holarctica) was highly favorable to the evolution and migra¬ 
tion of the higher fonns of the ^lammalia. It must be remembered, 
however, that the actual center from which these animals suddenly 
spread into Europe and North America is still hypothetical and 
will not be determined until the PuJeocene fossil mammal beds 
in the unexplored portions of America and A^a shall have been 
discovered. 
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Whatever the exact place of origin, the result of the incursion of 
the progressive forms was their speedy usurpation of the habitat 
of the unprogrcisirive^ and^ as we have seen, the graduaJ eliminatioa 
of the latter^ largely through an unbearable competition. We shall 
now speak of these modernised mammaLs^ turning our attention 
to the foUo^g well kno^m and highly interesting groups, some 
of which, notably the horses, played no little part in the widespread 
acceptance of the evolutionary hypothesis. These groups are: 

L Carnivora^ especially the feliaes. 

2. Whales. 

8. Proboscidea, mastodons and elephants. 

4 Horses. 

5. Camels. 

6. South American mammals. 

7. Primates, with especial reference to m ankin d 

Carxivora 

The divi^on of the flesh-eating mammals into creodonts and 
true carnivores has been discussed and the main dLstinctioi^ 
emphasized (page 508). The modernized forma are also divisible 
into two groups, the Fissipedm (Lat. Jlssys, cloven, and foot) 
or land carnivores, and the Pinnipedia (Lat. pmTia, feather^ fin) 
or seals and sea-Uona The latter do not possess the camassial 
teeth and their derivation from any known fisdped stock is doubt¬ 
ful. They may w ell represent an independent line of descent from 
the creodonts. The same may be true of the whales. 

The fissiped carnivores show the following diagnostic charactere: 

1. Good brain, moderately large and well convoluted. 

2. Camassial teeth = premolars in front more or loss sharp- 
pointed and compressed; molars behind tubereubted for crushing. 

3. Cla^dcle (collar-bone) vestigial or absent. 

4. Limbs mobile, with the radius and ulna of the fore arm and 
the tibia and fibula of the lower leg complete and separate. 

5. Digits clawed, never fewer than four. 

The principal families are : 

Cflnidiff.-^Thesc emhrace the foxesj dogs, and wolves, the most 
itive eiiEiing carnivores, cojimopolitan in thetr distribution, even hav- 
kig attained Australia, though doubtless by the agency of man. They 
appear lirat in tbo Upper Ecrtcne of Europe, are abundant in the ^^iocene 
fauna of Europe and North America, and reach India and South America 
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by earJy Pliocene time. At present at least 104 specks of eonidi; are extant 
and more tlwn IGO fossil species have been described. 

—Tlie benrs are onmivomus rather than strictly carnivoreiag 
and lack the carnaMaki teeth. Tficir feet atse are plant ijp^de compared 
with the digitigrade clmractcr of those of most of the older. Bears aro 
widespread to-dayp principally in the northern portions of both hem¬ 
ispheres. In the OJd World they extend sowthward to the .Atlas Moim^ 



Fto. 1Y5.—Various csjnivnia. A, hyiena. iiyrnn B, bear, Unus 

□rcfcw; Cl desg. €«?»>/flprjiltort#; marten^ tnatiu; Kp eat, Ftlis di?- 

^ne^licai Fp genet p Gmeila (.lifter Haacke,) 

tains in northern Africa and to southern India ^ Bomeop &uiiiatrft and 
Ceylon. They ore atso found in the Andean highlands as far south aa 
Bolivia and Chile. They are, however^ entirely al^nt from the Ethiopian 
and Ausitmlian nealrtvs. The origin and evolntjonaiy history^ of the bears is 
undkcr»veredj as the earliest refolded fossils are in the IMiocene of the 
Old World; by Upper Pliocene they ha<i reached eastern Europe but up 
to I91G they were unknown In the N^ew World in rocks older than the 
Pleistocene. A Pliocene bear^ hoTi'ever, hm recently been rejjorEcd from 
Oregon (Meniaiu). 

Proei^f?ida?.~The procyonids, the raccoons and their kin, with one 
Asiatic eiceeption are entirely confified to the New Worlds especially 
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tropical America. Geolc^cally they ranee upward ftom the primitive 
Miocene FMaoojQn, which k the annectant form between this fmiUy 
and the CanisLej atthough the grinding t^eth and plantigrade feet of the 
raccoon have caused its inclusion by certain authorities with tlie bears. 

MmtclHdiE .—This family, which contsins the weasels, polecats, badg* 
PIS, aud otters, while especially abundant in North Ameriai is found 
the w^orld over, esoept Australia. Ita members art?, howoveri rare in 
Africa and South America. They are knowTi from the Upper Eocene in 
Europe and frrjm the Oligocetie of North America, and one Miocene f orm, 
Megalictis^ was gij^ntic, the skull alone equalling that of a black bear. 

These four families are known collectively as Arctoidea or bear-like 
fonns, while the three remaining oncs^ ViverridiE, Hyajuido?, and Felid^i 
are called .Elunoidea (cat4ikc). With the exception of the cats this latter 
gtoup U entirely confined to the eastern heuiiaphere^ which was probably 
also their original home. 

—TTiesc are the civetSj genets, and mongooses, and are 
limited largely to the Ethiopian and OrienUtl realms, only a lialf-doxen 
species being found outside of those areaSr The enriouj^ Madagascar 
genus Crypioprociu, the fossa, forms a connecting link between this family 
and the cats. AVjout thirty species arc known fosiJj chicHy from the 
European TertiAry+ the genus Vaerra itself having pci^isted flince latter 
Eocene time. 

ifytenfdff.—The hyrenas are creatures of very dubious repute, as they 
are largely caters of cftirEon. Tn spite of a rather dog-like appearanoe,, 
their affinities lie with the Vivensdi^ from which they lately arose. They 
arc confmed to-day to tropical Asia and Africa, but formerly had a much 
wider rangie. 

Felidsa 

The cata are in many tho most highly specialissed of camh 
vores, chiefly in their dentition, for the canm^ial here reaches the 
height of perfection as a fihearing tooth; the molars, on the con¬ 
trary, are almost entirely lucking. Another speciallssution Ilea in the 
retractile cla^vs, characteristic of all Felidse except the cursorial 
hunting leopard or cheetah w hich is the siviftest mam- 

tnal and shows a number of dog-Ukc convereences m limhs and 
feet. The w orking of the retractile claws is as follows. The ungual 
or claw'-bearing phalanx is capable of a wide vertical mnge of move¬ 
ment and has attached to its upper aide an elastic ligament which 
would keep the claw- permanently raised were it not for an antag¬ 
onistic muscle and tendon attached to the lower side. The con¬ 
traction of tbia muscle pulls the ungual dow-aw ards thus protruding 
the claw and at the same time stretching the elastic Kgamcnt. 
Relax the muscle and the elasticity of the ligament again withdraw's 
the claw. This permits the cat to move silently in staSkins' its 
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prey and at the sanie time provideg prehensile on^na of high per¬ 
fection for scouring it. 

Distribution.—Cats are tonlay worId-\i'ide in tlieir distribution 
with the exception of Madagascar and Australia, the Old World 
producing the moat notable living species^ such aa the lion {Felis 
leo)^ the tiger (F. tigri$}f the leopard (E, p^rdu^), the ounce or anow 
leopard (F. uncla), and others including the suppoaed ancestor of 
our domestic cat, the cafTre or Egyptian cat (F. caj'ra). In the 
Ketv World the most noteworthy are the puma (F. &>n£ohr)^ the 
jaguar {F^ onca), and the lynxes and caracals. 

Fossil Cats.—But it is the fossil felines which are in many ways 
of the greatest interest, for they include not only the ancestors of 
the modem forms, but the now extinct saber-tootha—creatures 
whose endowmient of effective weapons puts them in the very fore¬ 
front of the carnivorous hordes as efficient beasts of prey. Thus the 
Felidffi are didsible into two phyla or subfamilies^ the Felinae or 
biting cats, the race to which aU existing felmes belong, and the 
Machairodontinie or saber-tooths, the stabbmg cats w'hoae lino 
has ceased to exist. They show* many points of Contrast in body, 
limbsp and tail, but especially in skulls^ jaws, and dentition, 
and^ as w'e shall see, these distinctions arose in the course of 
evolution from a single as yet unknowm stem through adaptation 
to contrasting types of pre^'^, for the saber-tooths were relatively 
sloiv of foot, and their rise, culmination, and decline is so intimately 
associated writh that of the slow-moving, thick-skicunicxl ungulates^ 
elephants, rhinos, swine, and e^cially the ground ^otliSp that 
the conclusion that we have here the proper association of pred¬ 
atory animals and their usual victims is irresistible. On the 
other hand, the swift-footed biting cats are in like manner as- 
Bociated with the thin-skinned cur^rial unpilates—as they are 
to-day—and the inference is that they in their turn were adapted 
to such a source of food. 

The contrasting anatomical features are: FeUnea—limbs Ic^ 
robust, more cursorial, toes tending to reduce; Machairodonts— 
limbs shortening, more robiigt, digits never fewer than five. In 
the FeLLnae the tail was longn in the saber-tooths it became progres* 
aively shortened, especially in the final form, Smikdan, 

Dentition,—In the feiines or biting eats the carnassial is rela¬ 
tively smaller and the premolars in front of it are less reduced 
than ID the saber-tooths. But it is in the development of the canine 
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Fia. 176.“S1 c«J] 3 of (A) Baber-tooth, Smi’Jithi™, And (B) billug cat P- fft 
ahoiriiti; cmitrut cf skull form and lerwage sad musculm deTclonamnt. e! 
occipital eoDdyI«; ci-m, cleidomastoid; digastric; m, tnaatoid pro^‘ tmu 

massetcr; *f,in,stcr&o-tnastoid; lem, temporaiia. (After Msttbcir.) ' * 
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that the moBt marked distinction is seen, for while in the Fclinffi 
the upper and lower tu&kis are more nearly equi valent in size and 
power* in tbe machaerodonts the lower crncis are reduced to a 
not much greater than that of the incisors. The upper canines, on 
the contrary, have become thin curved daggers of relatively enor¬ 
mous length, showing the same fine serrations on their cutting edges 
that we saw in the teeth of the carnivorous dinosaurs! It is these 
great aaber-ILke tusks which give the popular name to the group. 

Skull.—There is a marked difference in the form of the skull 
in the two phyla, especially w'hen seen in profile, and the principal 
purpose of this modification in the saber-tooths is to obtain greater 
leverage and so render more effective the downward stabbing 
stroke of the tusks. A glance at the diagram of the skulls of Fdi^ 
tigri^ and Smiiodon^ drawn to the same scale (Fig^ will render 
this clear. The principal distinction lies in the rear of the skull or 
occiput and in the arch of the face. In Fetis the cranial arch is 
highest just behind the orbits and diminishes both tow'ard the 
front and toward the rear, so that the occiput is comparatively loiv. 
In SmilodoTi, on the other hand, the rear of the skull is highest and 
the face slopes downwnrtl and fonvard, the sabers continuing the 
line of the curve. The condyle for the articulation with the neck is 
on a level with the tooth line in Fdia and the mastoid processes 
behind the ear openings are inconspicuous; in Smiladan^ on the 
other hand, the condyles are high and the mastoid processes 
extend far below them. These processes are for the insertion of the 
sternomastoid and cleidoraastoid muscles whfit^c combined function 
it is to depress the skull. Their value in the saber-tooth is at once 
apparent, as they are the muscles which produce the dowmw^ard 
stroke of the head by ivhieh, with terrible efficiency, the tusks are 
driven into the victim. A well-rounded condyle in .Switiod™ 
points to great freedom of movement in the vertical plane. The 
muscles of the dorsal side of the neck* which raise the head, were 
alike pow^erful in both forms. 

Jaw,—There is a marked distinction in the lower jaws of tbe 
saber-tooths as compared with the biting eats, more marked Id 
some respects in the earlier types such as Hopl(fpk<meus than in 
Smilodm. For here the jaw' is filter and has less powerful muscles* 
as the diminished eoronoid process and other mu$olfr-insertions 
show. The jaiv w^as capable of being opened more widely in the 
saber-tooth* although the yawn of a modem tiger is a memorabla 
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sigbt. In the earlier saber-tootha the front portion of the lo^^er 
jaw is coDtinued downward into a distinct flange for the protection 
of the tuskp a feature which the totally unrelated amblypod Uini€ir 
thorium (Fig. 173) also shows. In later formiij with the enor* 
moua extent of the tusks such a protection becomes Impracti¬ 
cable and the flange almost entirely disappears. The chin of the 
saber-tootbsj bowevefj never shows the rounded character of that 
jf the biting cats. 


PiTYLErric Table of Felid.e 
(M<MlLfied from Matthew] 



CjLtB 

&klEK-TC}Om 

Eecccit 

Feii^ (Lat. cat) 

Extinct 

PliiistnceDe 

Pdi» 

(carvinj!-knirc tooth) 

Fliflcene 

Felii 

AfisduiiroditA (dagger tooth) 

MiD«!BQ 

(falee cat)* 

iViBtmyMA (hunter anc^toO 

MntJimrodut 

Uftper 

OligDCtiae 

iVtJnrt!l!14F 

Dinicti^ (tcmble weasel) 

Hoplophmeus (armed slayer) 

Lower 

OLii^cene 

DinieHt 

^luricHi (cat weasel) 

P<yp^phon$us 

(well equipped aa to 
the jaw) 

Eocene 

Undiscovered MUcIcE^k probably .Asiatic 


• may rflprwnt a nflw Unmigraot uardated to Nimwu4 (m i4!it, 

p"ViiEe fi27j. 


Ancestry.—^The cats seem to have had their initial evolution in 
the great Asiatic adaptive ladiatioa center, whence they spread 
the world over. It is only in North Amedca, however, that the 
paleontological series is sufficiently complete to reconstruct a phy- 
logeuy such as the above. The Asiatic Eocene ancestry is as yet 
unknown. 

Feline Phylum.—Din tciw P'lp. 177; 178) is the most primitive 
of cats, but is, nevertheless, despite the fact that Matthew places 
it in the biting cat phylum, a sabotooth, as the elongated upper 
and reduced lower canines, the flattened chin, and the protective 
jaw-flange show. Scott looks upon this form as the somewhat mod¬ 
ified survivor of the ancestral stage, and repreaenting wry nearly 
the comtnOQ starting point of both the feline and mach^erodont 
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subfamilies. As compared with its oontemporaryj Hoplophmem 
(Fig. 17D), the limbs in DmiciU ate longer and mote slender^ imply* 
ing greatOT cuiaoriAl powers. The limbs also retain more primitive 
featutesj and the smaller feet, with their lees developed daws, did 
not have the clutching power of those of Hoipluj}}umevs. Altogether 
Dinictis, while showing certain sabertooth cbaractcristica, was 
speedier and leas capable of holding a sttuggling prey until the 
stabbing tusks could raanifest their effectiveness. It was therefore 
tending toward the adaptations of the modem cats, which is reason 
for considering it the first recorded member of their line rather 



Flo. ITS-—Regtoration of ju oncMt™! faline. rHiiidu. (After KnSiAt from 

Osbotn,) ' 


than the common ancestor of both phyla. Diniclis is confined to 
the ^jnerican Oligoeene. 

The genus Nimrtma (Fig. 177,C) is still more like the modem 
cats in the general aspect of the skull and dentition. The canines 
ore more nearly of a size, although the upper ones are stiU decidedly 
the larger. The mastoid process k not at all prominent, the lower 
jaw lacks the flange, and the chin is becoming rounded. The limte 
are long and slender os in Dinictisy but the foot, instead of being 
five-toed, has but four, of which the lateral ones are shorted 
whUc all of them bore only partially retractile clawa. In general' 
the limbs are dog-like, resembling those of the Jiving chceta (Cyr^ 
ffifantj) of which we iiave spoken and which may be a lineal ^ 
soendaat of these so-callcd “false saber-tooths.” JVtmrawuj is found 
in the Upper Oiigocene and Lower Miocene of North iVmerica and 
the Miocene of France. 
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In PsetidsluruB the canines are normal and the jaw baa neilher 
flange nor an angulatcd ebin. The skeletal chnnictera and much of 
the skull are as yet unknown. This cat is found in the mid-Mioccne 
of France and again in the Middle and Upper Miocene of Nebraska 
and Colorado. It is an undoubted ancestor of Felis, though it may 
not have been derived from Dinictis at allt but is rather, as Scott 
believes, a new migrant both into Europe and North America from 
the Asiatic home of the race. That there were two phyla Scott 
does not deny; he does object, however, to Matthew's attempted 
derivation of biting cats from primitive saber-tooths such as Dmic- 
tiSf claiming that “this view runs contra.ry to the supposed ‘law 
of the irreversibility of evolution,' a rule which many authorities 
look upon as well established.” 

The law of the irreversibility of evolution applies rather to the 
impossibility of regainiftg a lost anatomical structure, not, as Scott 
would imply, to the reductiou of a highl 3 ' spt^alized one; and wliiie 
the parallelism is not exact, the proboscideans to be discussed in 
a later cliapter underwent soniewhat the same evolution as that 
which Mattheiv postulates for the cats, in that a highly modified 
and elongate jaw symphysis subsequently shortened and aimplified 
and the upper tusks, large structures in all known prehistoric ele¬ 
phants, are towlay becoming vestigial in the esistitig Indian species, 
even in the males. 

Felis (Figs. 176,E; 177,E) ia the final genua of the biting cat phy¬ 
lum and needs no further description than that given above. Geo¬ 
logically' it dates back to the Pliocene and wiw represented in the 
North American Pleistocene by a large species, Fdis airox, of a sise 
greater than a lion and ranging over the southern half of the con¬ 
tinent, Huge specimens of F.bebbi, a somewhat difierent species, 
have lieoD found in the Rancho La Brea asphalt of southern 
California in association with the great saber-tooth Smilodm 
adijomietti. But although the skulls of the latter arc numl;ierfid 
by the hundreds, as many as thirty having been found within the 
space of three or four cubic yards, those of the fornier are very 
rare, as though their habitat and habits differed materially, and the 
lioh-like form, not being adapted to prey upon the great brutes 
which were caught in the tar, did not often venture witliin the 
limits of its fatal grasp. 

Saber-Tooth Phylum.—Turning to the saber-tooth phylum, 
there is little doubt that thcOligOcene Hophpfumevs (Figs. 177,B; 
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179; PL XIX) was the direct ancestor of the saber'tooth line. 
In tills genus the upper canine waa long, thin, curved, and finely 
serrated along both edges, but the lower canines were hardly larger 
than the incisors. The skull was longer than in modern and in 
every way resembled a smaller and more primitive edition of that of 
Smihdon. The lower jaw was relatively much stouter than in the 
latter and the flange was so deep that the tusks were completely 
protected and could only be used when the mouth was open. Smila- 
dffn, on the other hand, could have used the tuska very effectively 
with the mouth cli^d; whether it did or not is a matter of opinion 
which cannot now be decided. The body and tail of //opt^tp/ioneus 
had more the proportions of a modern leopard, but the limbs were 
more powerful, although far less so than in Smilodon, The char¬ 
acter of the fore limb-bones implies great freedom of rotation of the 
fore paw, showing it to have had a more general use than in modem 



Pig. 17®.—Restoration of an ancestrsJ saber-tooth, 
(Mcnlifiod after Knight^ from DgtKurii.) 


cats. The feet were smaU, ave-toed, but with fuUy retractile claw®. 
Thus Merri^ s&ys; ‘'The presence of long, knife-like canines 
correlated with powerful grasping feet possessing highly developed 
retractile claws. With its powerful feet the animal dung to its prey 
while it struck repeatedly with its thin, sharp sabers.'* 
Mackairodus (Fig. 177.D) is the Miocene to Pleistocene repre¬ 
sentative of the saber-tooth phylum, known from veo-^ fragmentary 
material in North America, but from practically perfect skulls 
in the Miocene of Fr^re. The skull is like that of Smilodim, 
but somewhat more prinutive, being longer, with a smaller brain- 
case and muscular crests. The mastoid processes for the insertion 
of the stabbing muscles of the neck were less developed. The jaw, 
on the contmiy, was proportionately heavier than in Smtlodon and 
the protective flange much larger. It was insufficient, however, 
fully to protect the canine when the mouth was closed. 
dwt is in many respects midway between //opfopAonetts and Smilo- 
dm, but whether or not any of the Americaii Miocene and PUooene 
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forans are surely of that genus cannot be decided until skuUg are 
found. The jaws which are kno^^Tii however, are quite similar. 

The genua Smilodm (Figs, 176,A; 177|F; ISO; PL XX) termi- 
natcB the series of saber-tooth cats and has already been character¬ 
ized in contrast with Fdu (page 521). It seems to be exclusively 
New World, the European Pleistocene saber-tooths belongmg to 
the more conservative Machairodus. Sifwlodon was origLnally dUr 
covered in South America (Pampas fonnatiQii),i but its presence in 
North America is abundantly proved by the profusion of its re- 
tnains at Rancho La Brea. it is often found in association with 
ground-slotlis (Mylodoitf etc.) which are unknown in the Old Worldj 
its final specialization over the more conservative Mach^^iTodi^f 



Fio. ISO. —Regtomtion of the final ^ber-tooth, (.\fter Enlght, 

from Oabom#) 


its European contemporary, may well have been a special adapt flr 
tion to destroy and devour the great sloths in particular, rather 
than the other pachyderms which formed the dietaiy staple of 
saber-tooths in general. 

There is preserved in the Museum at Buenos Aires a skull of 
Smilodtm TieogsEus, casts of which may be seen in many museurnSj 
in which one of the tusks ia locked fast by its tip between the 
equivalent canine and incisor of the low^er jaw'. This has been 
dted as argument for the belief that these structures had grown ao 
huge as to become an actual menace to the individual, causing in 
the present instance a case of mechanical lockjaw which w'aa 
followed by death from stani'ation. The analogjs although not 
precise, lies with the deer whose antlers are occasionally locked in 
combat resulting in the speedy death of the cootestants, either 
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front starv'&lioD or bcc&uEo tboir subsei^uent h. 6 lp]cs 9 iics 8 rendcrp 
them an easy prey to human or other enemies. This has been taken 
as anar^ment in favor of rnomentmn in variation (Loomis), by 
which is meant orthoKenelLc variation, possibiy guided in part 
by natural selection, but which, instead of ceasing when the point 
of greatest usefulness is attained, breaks away from selection 
control and continues to increase even to the limit of disaster, 

hrlemam speaks of the destructive apparatus of the saber-tooth 
tiger as ‘'one of the most deadly combinations that has been 
found in any flesh-eating animal, but like the delicate mechanism 
of the high-power gun there seem also to have been great poss- 
sibilities for becoming disabled; and if the long, thin sabers were 
once broken the saber-tooth would be less effective than the other 
large cats. , , . In a large number of specimens found there is 
evidence of fracture or loss of one (see Plate XX] or both sabers 
long before the death of the animal, so that the extreme specializa¬ 
tion of this creature may have Jed to a stage at which accidents 
occurred so commonly as to destroy the type,” 

Matthew, on the contrarj-, cannot believe "that such a noxious 
character could be developed to the point of seriously reducing the 
expectation of life of the individuals in which it was present, much 
leas of being the direct cause of the extinction of a race,” He be¬ 
lieves that in SmiTadon, the immense development of the 
"made them highly efficient weapons for a particular mode of 
attack and was an essential element of its success in its especial 
mode of life, not a hindrance or bar to its survival.” 

Ab we have seen, the evolution of the biting eats, swift of foot 
and powerful of jaw, was correlated with that of the thin-skinned 
cursorial ung^ilates, their normal prey. With them, these cats 
^rcad and waxed strong and powerful, and with their diminution 
m the New World the felines diminished. In the Old World on 
the contrarj', both great cats and great game of the cursorial ’sort 
are still numgroua. 

The machairodonta, on the other hand, increased pan passu nvith 
the heavy, slow-moving, thick-skinned forms and with them they 
diminished, for both these ungulates and ground sloths and their 
saber-tooth enemies are extinct in the New World, while in the Old 
the great ungulates are rare and so far between that the saber¬ 
tooths have entirely disappeared there ag well. Since their day the 
elephants and rhinos, once their stature is attained, fear no foe but 
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although the liotis and tigera do assail their young and thus 
they aj^ held in check- It is the old story of high and narrow spi^ 
cialization and the dependence upon a peculiar sort of conditions 
and of food—eliminate those conditions or the food and the very 
Gpeciahmtion which was once a mark of adaptability now makes 
the race Inadaptable and its doom is scaled. 
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CETACEANS 

Place in Nature.—To the Cetaeea belong the whales and por- 
poiscsp a retnarlmbly clearly defined group^ and yet one showing 
convergences toward several other unrelated orders of animals 
They are lung-breathers and hence secondarily aquatic forms, 
a cbaraeteristLc which, together with their warm blood and their 
vhdparous young, suckled for a time by the mother^ places them 
among the mammals^ despite their fish-like form. 

They converge in a remarkable manner toward the true 
notably the sharks; a second comparison lies with the Ichthyosaurs, 
reptiles which occupied the same mchc in nature^a economy during 
the Mesozoic Era that the Cetacea do to-day, not only in general 
bodily adaptation to the seaa but in their implied habits also. Yet 
another convergent group are the contemporary Shenia or sea- 
cows, dugongSp and manatees, which, in spite of dissimilar feed¬ 
ing habits, were formerly included in the order of whales, aa 
Cetacea herbivora in contrast with the Cetacea carnivora. Now 
enough is known of the Sirenia to place them entirely apart, forp 
as wt shall see they are really sea-going ungulates derived from 
the same stock a? that winch gave rise to the proboseideans, 
Their only claim to relationship with the whales lies in their com¬ 
mon heritage as placental mammals^ and there the kinship ceases. 

The actual nearest relatives of the Cetacea are the Carnivora, 
out of a more or less common creodont ancestry. Such evidence as 
we po5&«5s for this relationship will be set forth later. 

Characteristics.—Theso are mainly specializations for life in 
the great waters and are many and varied. 

The contour is t3T3icaUy that of a swiftly swimming Enh, stream¬ 
lined, the head confluent with the body without a discernible 
neck. In but one or two forma ia any movement of the head 
on the body possible. From the point of greatest girth about one- 
third of the waj" back from the anout the \xtdy tapers into the 
^'amair^ from which the widely expandifd flukes take their origin. 
These, in common with those of the sea-EX)ws, form a horizontal 
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propelKng fin of high efficiency* the two fluhes being divided by a 
notch on the hinder border They have no bone other than the 
centrally placed caudal vertebra but are ^pported by a dense 
fibroua connective tissue. 

The head is relatively large* being sometimes one-third the 
total iength of the animal. The gape is ve^y wide, as the entire 
mouth has a prehensile function^ 
the masticating portion common 
in mammals being absents The lips 
are stiff and contain a great deal 
of oil. 

The fore limbs* the ^*fins" or 
pectorals (Fig. 181), are ovoid 
paddies* freely movable at the 
shoulder but showing no external 
indication of digits or claws. The 
hand cannot be clenched, but the 
dn is ^mewhat dexible. It vanes 
greatly in form and proportions in 
different whales. Its function is 
balancing and sometimes in part 
propulsion, also to aid in vertical 
and horizontal steering, 

Thn W„d limb, (Fin. 182) aj« 
vestiges, entirely within the flesh* 

and consist of one or more bones on either side, the ischia and 
sometimes a small femur, rarely a portion of the tibia as weU. The 

actual limb bones are found only 
in the whalebone whales, with 
the exception of the cachalot 
(Physeier). In but one recorded 
instance out of thousands of cap¬ 
tures has an external hind hmb 
been seen. A humpback whale 
(M^^ptera rwxfosu) taken off the 
Vancouver wliahng station in 
July, I9l9p possessed* on either 
side of the vent* a tapering cylinder about four feet two inches long 
eontainiag a cartilaginoUH femur, a bony tibia, ves^tiges of the tar* 
sua» and a metataraal bone—a remarkable case of racial atavisim 



Fic. 131.— Pectoral limb of 



Fi<j, 182 . —Pelvic bones of 
iaejia mystintius. (After Vaa Beneden 
and Gervais.} 
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A dor^l fin, wliich varies in ahape, height, and position, la 
present in moHt whales. It is absent, however, in the right whale 
and the white whale, and is vestigial in the spemi. 

The skin is smooth and glistening, with no trace of hair, except 
for a few coame bristles about the lower lip and sometimes around 
the blow-hole and forward to the snout in the sulphur-bottom. 
Even the fcctal hair is loot in the white whale {Hduga), showing 
how extremely long its aquatic adaptation has been. Hair is value¬ 
less ns a heat-retaining clothing when submerged, for its principal 
efficiency lies not in the hair itself but in the static blanket of air 
which it contains. The replacement of the air by water is what 
nullifies liairus anon-conductor. Its function Ls taken by the blub¬ 
ber. This consists of a mesh of connective tissue, lying beneath 
the skin, and contamlng oil, which b fluid in the living whale but 
congealed in the dead animal. Blubber varies in thickness from 
one to three inches in the smaller porpoises to 17 inches or more in 
a fat sperm whale and is immensely tough, resisting strains up to 
thousands of pounds. 

The eye is relatively small for the bulk but actually large in 
a great whale, up to four tunes that of an ox. It is situated not 
far from the hinder angle of the mouth—sometimes immediately 
behind it, above. Some wliales, like the sperm, are limited 
in the range of their vision—naturally they cannot loot bactwaid, 
nor eon the spenn ace forward. A w-hale is sometimes seen to erect 
himself in the water and slow-ly revolve to sweep the horiaon and 
thus assure himself of the absence or whereabouts of his enemies. 
The eyeball is immovable and lacks the power of accommodation, 
moreover the vertical and horizontal curvatures of the cr%'stallme 
lens differ, so that a whale sees poorly in the air, due to asti^iatism 
and inahility to focus or roll the eye. The eyes are fitted to with¬ 
stand not only the varying pressures due to submergence but the 
jjupaet of tbo sem in rapid swimiiiini^. 

There is of course no external ear or pinna, except tliat it is said 
oceasionally to reappear as an atavistic structure in the por¬ 
poise. The ear opening lies in the wake of the eye and is a mere 
slit in the skin in the California gray wliale, RacAmnecteg grloucus, 
and in the humpback, while in the Greenland whale, Eidwloena 
mysticetus, it is a minute aperture not over a quarter of an inch in 
diameter, sometimes hardly discernible, and again entirely lacking. 
The meatus is entirely closed in baleen whales. As water carries 
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sound xnth about four times the intensity of air, the ears serve 
theh pujpose weU enough but would be of little service in the 
air. The tympanic bullaj which is large and welJ-devdioped, acta 
as a a mmding -jrnx- The water vibrations^ being transmitted 
through the tissues, set up corresponding vibrations In the bulla, 
from which thej'' axe comnaumcated by the chain of ossicles to the 
iimer ear. The typical cetacean bulla is found in all the whales^ 
including the extinct zeuglodoDts, show'ing that this device for 
hearing w'aa acquired very early and is an mdication of inter- 
rdationship of the three phyla. 

The nostrils or blow>holes are situated at the apes of the head, 
except in the cachalot (spenn)^ in which the single crescentic 
aperture ig at the extreme fonvard end of the tnmf^ated hcad^ the 
"noddle end” of the whalera. As it is on the left sidcj the apout 
is oblique. In the whalebone whales the nostrils are separate j 
in the toothed whales they unite to form one aperture. The closing 
mechanism also varies in each group but h highly effective. The 
sense of smell is apparently lucking, at any rate w'hile submerged. 
Judging from the skull, the zcuglodonts must have possessed a 
fairly weU-dcv'cloped sense of smeU for use on the surface, in the 
buleen whales the olfactory organ ia present but doubtfully func¬ 
tional, while in the toothed w^hales it is entirely lost- The spout 
is specifically characteristic. What it consista of has been a subject 
of dlscussioD, but it must be expired vapor from the lungs, because 
it di^pates into the air and does not fall back into the sea^ aa 
water would. It h comparable to that seen in our breath on a cold 
day, but in the whale it is visible at any temperature. If the whale 
be^iL^ to blow before the nostril has actually cleared the surface 
of the water, some of the latter will naturally be sent aloft with 
the force of the blast. 

The duration of submergence naturally varies with the species 
and &iae (and age) of the w^hale, a cachalot being under for fifty 
minutes to an liour ajid a quarter. Returning to the surface the 
animal^ if undisturbed^ will blow 60 or 70 tunes with great regular¬ 
ity during a period of about twelve minutes. Ho then pitches head 
downward untU he stands vertically with the flutes high in the fur, 
and sounds to a great depth, possibly a half-tmle to a mile. How he 
withstands the ctiormous pressure changes to w^hich he is sub¬ 
jected b a mystery, for at the extreme depth the pressure would 
be neajly a ton to the square inch ! 
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TliG GlkGldoii is codposcd of boQGj the sponger civitiGS of 
which are fiUtsd ^'ith oil, and is rather siruple in appearance com* 
pared with that of many land animals. This is due in large mea^uio 
to the fact that the body is water-home and the stresses are few, 
except for resistance to the longttudinal force of the huge muscles 
of the trunk and tail. 


The skuUj like that of many marine vertebrates, is peculiar 
in that the cranium is short and high, almost globular in some 
instances, while the jaws form a more or less prolonged rostrum 
or beak. All cetaecan skulls above the seuglodonts give indica* 
tion of telescoping in differing degrees, and this has resulted in 
the shortening of the cranium; whales were evidently derived 
from a group of animals in which the sutures of the skull were 
squamous, that is, overlapping, rather tlian denticulate. Thus the 
bones can override and slip past otic another. Tlie telescoping 
which differs in plan in the toothed and whalebone whales, is 

appanently the outcome of 
two oppoamg forces, one 
the ^calstanoe of the water 
tod the other the forward 
thiust of vert^bml 

column^ which have re¬ 
acted upon the anterior 
poaterior portions of 
Pfa. lS3.^ku\l oj Tur^pt turwio, hLow- the^ll re^™ctivelv each 
Bsymmetry. {AJtCr Ym Benedea ^ veiy, cacn 

Gervats.) wnicn w^ere plastic as 

r^;AA\ T ■ ^ompaTcd with the more 

resistant middle area. In addition to this there is evidence of a 

downward stress in the whalebone whales, due to the form of the 
muzzle and the fact that, as they feed swimming with the wide 
mouth open, there is a tremeudoiis domiward drag to the iswa 
The toothed whal« do not show this, but in them the cralium 
IS almost mvanably asymmetrical (see Fig, 183) and apparently 
alwaj-s m the same way, the vertex and condyles being shifted 
toward the left, as though they were subject to an oblique strein 
due perbaiw to the head being carried somewhat to^one side- 

fee ly Btrmght direction, perhaps in part because of a aculUng 
motion of the tad, JUet as the turning of a single screw propeller 
in one direction tends to deflect a boat from her course and has 
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to be offset by the helm. The telescoping and aaymmetry are 
very ancient and were established before family differentiation 
arose. Both arc apparent illustrations of Idnetogenegis (see Chap. 
XII), but arcp howevetp subject to hereditary control The jaw^ 
of the baleen whales differ in contour from those of the toothed 
whales, being bowed upward or outward as tbe cose may be; in 
the latter they are stmightcr and more parallel 
The vertebral column is simplified (see Fig^ 66), especially in 
the articulation of the elements with one another^ due, as has 
been said, to the absenese of vertical strains. In some Instances the 
zygapophyscs fail to meet, the only articulation being at the cen¬ 
tra. The spinous and trans\ erse processes may be prolonged, 
especially in the after regions, for muscular attachment. The short 
neck has been mentioned, and, while it contains seven vertebrse, 
a number w’hich, with extremely rare exceptions (tree sloths and 
manatee), is universal among maInInals^ the individual bones are 
extremely short and often coossify into a single bony masa^ due 
to the same forces that gave rise to the telescoping of the skuU. 
There is no present indication of a sacrum, although certain verte- 
brse just anterior to the caudals must represent such a structure 
historically. The lack of hip bones, other than the small fleah-buried 
ischia which have no connection with the vertebral column, has 
made for a secondary slmpl ideation of this region of the body, 
back to a primitive condition comparable to the fishes. The 
caudals are recognizable only by the presence of V-shaped chevron 
bones beneath them, which protect the great blood-vessels of the 
tail, as the neural arch protects the spinal cord- The posterior 
caudals are reduced to the centra alone and show a dorso-ventral 
flattening, corresponding to the horizontal expansion of the flukes* 
There are no bones supporting either the flukes or the dorsal fin. 
The ribs are also simple, generally aingle-headed, and usually but 
one (Mystaoeti) to four or five (Odontoceti) articulate with the 
sternum. In the pygmy right whale ( NechakmG), all but the first 
three or four ribs have actually lost their connection w'lth tbe 
vertebrsB themselves. There are no clavicles, and the scapulffi have 
a very characteristic fomit generally fan-shaped, though differing 
characteristically. The head of the humerus is spherical and 
freely movable wnthin the shoulder socket, all of the other articula¬ 
tions of the fore limbs being imperfectly formed, so that no bending 
of the joints is possible other thfin a certain flexibility of the entir^e 
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fin. All of the bones beyond the humerus are flattened and often, 
especially in the carpus, are widely sepamted by cartilajje. Some¬ 
times in old whales the wrist bones fuse into a single element. Tho 
digitsaregenerallyfi ve in number, although the first may be lack¬ 
ing and one or two others reduced. The whalebone whales have 
lost the thumb which the toothed whales have retained. The 
second and third dipta and sometimes the fourth may exhibit 
hyperphalangy, especially in such a whale as the humpback 
{Megaptera, Pig. 195) in which the fins are very long. 

The teeth vary greatly in their development.' Disregarding for 
the time being the ancient aberrant whales, the seuglodonta, the 
troth are generally reduced to compressed cones, each with a 
single root, and have increased in uumber greatly beyond the 
primitive 44 of the placeotal mammal, for a modem dolphin may 
have upwards of 250 troth. The teeth may be present and func¬ 
tional in both jaws, as in the porpoises, or in the lower jaw only 



Fit?- l^^. — Skull of Aftmpiodon 
layardL (After Mu^um Guide 

tfl Whales,) 


3ingb long upper tiiek^ m m the 
male narwhal (Mtfnodm), In the 


whale-bone whales (Mystacoceti) functional teeth are utterly lack¬ 
ing, but small pin-shaped vestiges are present in the embryo buried 
in the gums. These soon disappear entirely. fA further dea^ription 
of the mouth armament will be found under the several Eenem 


The milk glands open on either side of the vent and are provided 
with raservoira with compressor muscles which contain an abun¬ 
dant supply of rich milk. This accelerates the feeding of the 


young. 


In sire the Cetacea vary enormously from nerhar™ 9i f» 



“ «« wun the cube the greatest 

m.y ™„ up to loO toou: by far tho latjoot animal that 
hvoa or has hvod lor no dinosaur knomi had a comparable ton- 


nage, (See Fig. tM.) 
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In agreement with most ci^turea which depend upon movement 
for ^ety, the yoimg are meatalJy precocious. 

Habitat—Cetacea inhabit all the knowm aeas; aome are cos¬ 
mopolitan, others restricted in their cruising range. Yet others, 
normally marinOp may aacend certain tidal rivers^ while certidn 
of the dolphins are exdusivel}'' confined to fresh water such as the 
larger rivers of South America, the Amazon, La Plata, and Orinoco^ 
as w'eU as the Ganges, Irawaddy, and Chinese riverg of Asia. 

Habits—While all Cetacea are eamivorous animals, but two 
genera^ Orciitu^ the killer whale (Fig. 57) and Pseudoren the lesser 
killer, feed upon warm-blooded prey—seals, penguins, and other 
Cetacea. The killers acting as a pack will make a concerted attack 
on the Greenland whale and tearing open the lips devour out the 
tongue, which effectually decommissions the victim even though 
he may not die directly as a result of the hajnjy- The other toothed 
whales feed upon fishes, but especially upon crustaoeana and 
eepbalopod molluaks. This last b particularly true of the cachalot, 
learned not only from direct observation but from the stomach 
contents which the whale disgorges in his death flurry. 

The baleen whaled on the other hand feed upon small plaELktonic 
organisms such aii pteropod molluaks or sea’^butterflies, and Cni^ 
tacea, thousands of which are sacrificed for a meal. Ihc method 
of their feeding will be detailed later, 
in habits other than feeding, whales are gregarioua and were 
formerly found sometimes in schoob of many thousands, other® 
siugly or in pairs, but the numbers are now' sadly diuiinishing, ow¬ 
ing to- intensive steam w^haling. Individually they are timid and 
Inoffensive, except when the young arc threatened or injured and 
maternal solicitude cornea to the fore. The ns ale cachalot Is oc¬ 
casionally aggressive, and w'hile some can be killed with Uttle pro¬ 
test, others are fighters and not only turn upon and smash the boats 
with head, flukes^ and jaw but have been known to sink the whale 
ships themselves. Among recorded instances are the ■* Alexander" 
and "Kathleen" of New Bedford, the latter in 1902 being 
charged repeatedly until she opened up so that ahe sank. A more 
terrible tale is that of the “Essex" of Nantucket in 1319, invohdng 
the grimmest of deep-sea horrors before her men were finally 
rescued. The “E^ex " met a whale head-on when each was mak¬ 
ing about three knots. The ship began to leak^ while the whale 
withdrew to a distance of about a mile+ When he had recovered 
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from the concuesion he chai^^ the ship, staving io her bow so 
that she saok ia five minuteo. How many of the other missipg 
whale ships during the long years of the industry owe their destruc¬ 
tion to whales no one can say. In general ^ however, the danger 
of the whale fishery is not duo to offensive tactics on the part of 
the creatures themselves but to close contact of a small light boat 
with the huge bulk of a thrashing whale. 

Evidences of Evohtium 

Ontogeny,—Oocasional whale embryos are found within the 
mother and sliow several items of interest, such as the absence 
of flukes on the tall of the very youog apecLmeas—the flukes 
making their appearance later as lateral outgrowths of the tail. 
It w'fls formerly thought that these possibly represeoted vestiges 
of the external portion of the hind limbs which had migrated aft 
from their normal position on either side of the vent. This is, 
however, disproved by the presence of external hind limb vestige® 
in the embryos in certain genera, such as Megaptera, which later 
disappear, and also in the speeimen of Megaptera mentioned 
above, in which the atavistic hind limbs were present in addi¬ 
tion to the flukes. 

The angulation of the head on the neck in the normal quadr 
rupedal posture is another interesting feature shown by the embryo 
whales. 

In the baleen whale embryos, "as many as forty or even more 
minute teeth with pin-like crowns may be found bidden in the 
gum on the maxillary, but they are soon resorbed. The atrophy 
of the teeth is followed by the growth of papilla along the outer 
margin of the upper jaw and these develop into a series of cross¬ 
wise-placed corneous [homy] blades, the baleen" {Tullbere lliiSSl 
from Kellogg 11928]). dS L 

Systemaiic Review 

Whales are divided systematically into a number of phyla, of 
which the three principal ones are (1) the Archfeoceti, airrant 
Eocene whales which died out without further issue toward the 
close of the Oligoccne, Out of some primitive forms, as yet un- 
knowm, however, arose the later whales which in turn are divided 
into (2) the Mystaceti or baleen whales whose vestigial embry¬ 
onic teeth point to a toothed ancestry, and (3) the Odontoceti 
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or toothed whales. The last are again divided into three or four 
families: the Platanisticke or river dolphioa; the Delphinid^ in- 
chiding the porpoi^es^ sea dolphins^ kiliers, and perhaps the nar- 
nhal and white whale (although by some these a-re put in 

a separate phylum), finally the Ph>Tseterldffi, cachalots or sperm 
whales and the pygmy sperm {Kogia}; the Hphiid^ or beaked 
whales; and the Iniidie which aie l^ely extinct. 

ArcbsocetiThese aberrant whaJes are confined entirely to 
the Eocene and Oligoeenc epochs, firet appearing in the rocks of the 


Lybian desert, 
and culminating in bi¬ 
zarre types from the 

Gulf States of the United 
States of America. 



The fiivt knoTiTi form 
is Frotocelu^ atoms (Fig. 
185) from the Lower Mo- 
kattam series near Cairo- 
Tbia form serv'cs to link 
up these whales with 


Pig.. lS5-^^Sl£ull of P^Biocifita, 
(After Fmas.) 


their land-dwelling anceatry, for it combines features of the creo- 
donta, espedidiy in the teeth, with the typical skull of a aeuglodont. 

1 he next genus, both in stratigraphic occumnee and degree 
of evolution, is rroieufftodtm, intermediate in character between 
Protoceim and Zeuglodon proper. The pecuhar features of the 
skull and teeth can best be seen in the final phase, Zeuglodon or 
Basilosavrus. Distinctive features of Prozeughden (Fig 63) are 
an elongated aktili, the cranium of which has not yet taken on 
the telescoped chajacter of the later whales. The anterior nostrils 
have receded to a position a little more than one-third the way 
from the muzzle, and the zygnmatio arch tends to lighten as com 
pared with a creodont skulk The teeth are peculiar, those of 
the forward half of each jaw being simple, somewhat curved cones, 
aa in the later whales, while the cheek teeth are two-rooted with a 
laterally compressed crown which in the premolar teeth has a char¬ 
acteristic serrated appearance on both margins. The molars may 
te simUar or their anterior margin may be plain, the sermtions 
bemg confined to the postenor only. These teeth are apparently 
an adaptation for the holding and shearing of alipperj’ pnjy and are 
somewhat similar to those of certain seals of supposedly comparable 
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Fia 18S.—CaoluJot, eafodon, (After aaminon.) 
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feeding babits. The proportions of Zeughdan odHs (Fig. 186) of 
more like those of most whulcsj wbilo Ho^Jtosdvms 
eetoifkis of Alabama is immensely dongated, especially in the 
lumbar vertebra*, and has a total length of 50 or 70 feet. The short* 
bodied aeuglodonts were of the proportions of an ordinary whale 
and like them must have swTim with the up and down motion of the 
tail The elongated types, li, cet&id&s and isia, must have lashed the 
entire body in a serpentine manner, aided of course by the flukes. 
They were probably much less efficient and speedy than their more 
compact relatives. BosHasaurm converges strongly toward the rep¬ 
tilian sea lisards or mosasaurs (sec p. 300, Fig, 62) of Cretaceous 
time and is the final expression of seuglodont evolution, for with 
this genus, except for a few smaller Oligocene survivors, the entire 
line of Archspoceti becomes extinct, as these later forma have no 
oonneetion with existing whales. 

Odontoced.—This phylum embraces ail of the toothed whales 
and dolphi^ other than the seuglodonts and includes several diver¬ 
gent families which agree, however, in general conformity to 
type, the main distinctions being chiefly confined to the head and 
dentition. The structural ancestors, if not the actual ones, of the 
toothed whales belong to the family Squalodontid®, shark-toothed 
dolphins. These have a very full dentition, the anterior teeth 
being conical and single-rooted, while the posterior ones are two- 
or thr«^rnated with a oompres^ied Berrat^id crown. 

The oldeat of the Squalodontida: is the small MicroseugUidon 
from the Caucasus, referred to liocene time. The teeth and hu¬ 
merus alone are known, but Sgvalodon (Fig. 187) {3 
Bcnted in the Miocene of continental Europe, The beak is long 
and slender, much more so than in the related Prosffmil«fon of 
South America. 

From the Squalodontidse arise the sperm whales, Physeteridte 
the intervening types, according to Abel, being Smldicetm from 
the Miocene and Pliocene of Kurope, North ^Vmcrica, and Pata¬ 
gonia, the finely serrated teeth of which are single-i^itcd* Phv- 
eeterwfo, Miocene of Europe, in which the geeth have lost thete 
enanrel; Pr&physeter, in which the upper teeth are gradually lost 
the incisors early in youth, the maxillary teeth later; and Physeter 
iteelf. The last mentionerd, toothless in the upper jaw, firat appears 
in Pliocene time, The actual evolution of the family occurred 
during Miocene tunep with little since. 
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The nHxicm sperm whale or caclialot {Phy&d^ catod^n^ Fig. 
18S), is of n^iiijirkiible aspect with a huj^c blunt headj, which is at 
least ODC-third the entire length. The skull within is most peculiar, 
with a latge curved transverse crest and ijlendcr upper jaws which 
serve to support the '^case/' a reservoir of liquid oil known as 
spemiaceti, and the sperm accti cuslnon. The cendcal vertebr® 
are fused with the exception of the atlas^ The sperm whale s 
lower jaw 1$ also slender and is armed with two nearly parallel 
rows of 20 to 25 gleatuing teeth, each of which la a stout, some¬ 
what recurved cone of a good quality of ivOl^^ There is a very 
low dorsal fin of inegular outline,, and the pectorals are rather 
amalL 

The color is black above, shading into gray below. The food 
consists largely of squid, especially the giant squids ArckiUiUhi^ 
(Fig. 110), to capture which the whale must dii^e deep, probably 
down to the twilight zone of the scaj and therefore suflfeT a very 
groat increase of pressure. The single blow^holo of this whale 
ie not at the apex of the head faut at the end of the blunt snout and 
on the left side, $o that the spout is characteristically oblique. 
Cachalots are among the larger of the whales, ranging from 50 to 
upwards of 65 feet. They are fairly fast swimmers, inaking five to 
six knot^s, probably more when excited. The diving speed is 
eight knots. The sperm whale is one of the most widely distributed 
of all, inhabiting for the most part the warmer seas but venturing 
as far north as the Shetland Islands. This together with the right 
whale was the one most ^ught for by the old-time w'balemen for 
the high value of its oil, especially the spermaceti. 

Another available product of the cachalot is the substance known 
a3 ambergris^ an intestinal secretion due apparently to the irritation 
caused by the beaks of the squid which fonii its food. Occasionally 
an emaciated whale will contain the material in it$ intestine, at 
other times it is found afloat. Its value of S15 to S20 an ounce 
is due to its denvand as a basis for perfumery, in that it has the 
peculiar property of intensifj'iog greatly any other perfume with 
which it is compounded. In 1893 a lump of 2 j 6 pounds sold in 
Paris for £LS,360 or about 889,000- It is not in ittslf pleasant but 
had formerly a supposed medicinal value. 

The pygmy aperm whale (Kogin) is the only other living member 
of the Phi'seterid^e. It is from 9 to 13 feet in length- 

Another family of whales is the Ziphiidje, or beaked whales, in 
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which the functionA! teeth entirely disappear, except for one or 
two pairs in the lower jaw. There are, hoaever, vestigial teeth 
which do not cut the gum. Like the sperm whales, the beaked 
whales complete their evolution by Upper Miocene time, an 
immediate ancestor being Cctorh^ckMs, preceded by Diodtaticbm 
of the Lower Miocene, the earliest recorded ziphioid whale. The 
principal li>'ing genem arc Mcaophdm, the cow wbaJe, ZrpAiita, 
and Hyp^oddm, the latter the bottle-nose. Mesoplodm haa 
persisted from the Upper Eocene, although now Hiramiahing in 
numbers. There is but a single pdr of lower teeth, which in jW. 
layardt (Fig. IS-l) curve upward and inward in such a way that in 
old indi\'iduala they meet above the upper jaw, apparently limiting 
the opening of the mouth, a specialization of doubtful value to its 
possessor, Hypero^on, the bottle-nosed whale, ia rather small of 
head, with large maxillary crests greatly developed in the 
This whale, which may be 30 feet in length, is black in the young 
and grows lighter with age. Its submerged depth and endurance 
are great, two houm being recorded. Another peculiarity men¬ 
tioned by Beddard is that it “can leap right out of the wafer, and 
while in the air can turn its head from side to side," an accomplish¬ 
ment known of no other whale. H. rostratHm, the comtiion bottl<^ 
nose, is found in the northern seas. They are said to “aob" in their 
yocalizations. They are gregarious, the school or “gam” number¬ 
ing four to fifteen. 

Eurinodclphidse. This famUy of whales are numbered among 
the extinct at present but in Miocene time, especially in Belgium 
and North America, they were the most abundant of all that 
have been preserved to us. They are characterized by an im¬ 
mensely prolonged and very narrow rostrum, which is thrice the 
length of the cranium, and in whieli both jaws possess numerous 
simple teeth. Eurinodelpkia Is the principal known genus which 
partakes of the nature of both the beaked wlialcs and the dolphins 
They are evidently related to the Xipliiidse, although forma directly 
ancestral to the latter are as yet undiscovered. ^ 

IniidsD. The rostrum is long in the more primitive genera but 
later somewhat shortens; the numerous teeth, with tho exception 
of those in Tnia itrelf, are aimple single-rooted cooes. The cranium 
is rounded and the cervical vertebr® distinct, the other vertebra 
being elongated. 

7nia has a vestigial dorsal fin and large ovate pectorals, and the 
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posterior teeth ofteo bear an accessory tubercle. The skull lacks 
the high, maxillary crests of Plalamala (Fig. 15K)J^ and the vertebral 
column is shortj having but 41 vertebrse. The neck vertebrse, on 
the other hand, are rather long for a whale. The single speciesp 
Inia geojfrcyeTms, is a native of South America^ mhabitkig the 
Amazon Hivcr. It varies in color from pink to black above and 
pink below and is held in superstitious dread by the natives, who 
claim that it wnll attack them; while S<^taba^ a true dolphin (yet to 
be described)! wall defend them from Inia. Inia reaches about 
seven feet in length. Pantaporia (Fig. I89)j the La Plata dolphin, 
has a well-developed dorsal fin and a long rostrum with 50 to 60 
paits of teeth, 200 in alh This creature has a color corresponding 
closely to that of the w'atcr, brown with some variations. It is 
smaller than /mn, measuring hut four feet in length. Paniistes^ 



Whaler.) 


an extinct Argentine genns^ rescrnblcs Pmiaparia closely but 
exceeds it in sire. The toothless extremity of the mandible tuma 
up, which is an absolute^'' unique feature. Other Tertiary genera, 
Pontivaga and IsckjfrorkifTichus^ are also known from Patagonia 
and Argentina! while Cyriodelpkis lb an abundant fossil in the 
IMiocenc of Europe and North America (Abel), 

Platanistidse, TTiib is the fir^ familj'' of river dolphim^ to be 
considered, the susn, Plaianista gangeti^ (Fig. 190), Inhabiting 
the Ganges! Indus, and Bramaputra rivers of India. It also has 
a fairly long beak with thin sharp teeth, which grow thicker and 
blunter with age. The skull bears a high crest. The peculiarity 
of this eighWnot whale lies in its blindness, as the muddy rivers 
and its habit of gmpiug in the bottom mud for the crustaceaos and 
fishes which form its food render sight of little value^ 

Delphinida. This is by far the largest family of w'hales but 
does not include the largest individuals, for these are the dolphins 
and porpoises of small to moderate size. Ac a rule there are 
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numerouB teetb present in both jaws, and the akuU never shows the 
large maxillary crests of the Inndse, As many as 19 genera of Dd- 
phinida with some 50 species have been described^ grouped into 
at least two subfamilies. Of these the &rst is DelphinapteriiiBB 



Fia, l&O-—Skull of (After Van Beaeden and Gervaii.) 


(BelugiiMe), including the white whale, Beluga^ and the narwhal^ 
Almodorij with a Single species of each. 

Beluga (Fig. 191) is a northern whale about 10 feet in length, 
white in color as an adult, although blackish when young. Ita head 
13 rounded, and there is a distinct constriction of the neck, as in 
the PlatanLatidee, with a conwponding lack of cooBsification of 
the neck vertebrae. This creature, while marine in distribution, 
will occasionally ascend the rivere in search of food, being especiaUy 



Fia ISl.—the white whale. (After Scammofl.) 


fond of salmon. It has comparatively few teethj eight or ten, m the 
anterior part of the mouth, and there is tio dorsal fin. 

The narwhal, MowodoTi, is unitiue among whales in the posses¬ 
sion of a tusk or hom, developed in the male, vestigial in the 
female. This is the continuously growing upper incisor tooth, 
generally the left, sometimes the right, rarely both, which is a 
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spirally tivisted horn of lYOry, tbe twist alwa}^ tuming to the 
left, whether the tusk be left or right. Aside from the tusks, these 
whales are entirely toothless. In other respects the narwhal 
agrees closely with BeltigUj although its color diffet^ in that it is 
generally spotted ^ though older animals also tend to become white. 
The horn is of course a secondary sex character and Ls difficult of 
explanation. Its use as a weapon for the combat of rival males 
seeins hardly convincingj for, although they have been seen to 
cross tusks as though feneingp they seem to be gentle animals^ as 
are most whales, and 1 know of no record of an actual conflict. 
Another suggestion is that the horn may be used to break and 
mahitain blow-holes in the thick ice of their arctic home. If sOp 
why do not the females pocssess them, unless the males are suf¬ 
ficiently gallant to provide free air for both sexes? Their suggested 
use as a weapon in impaling their prey b also apparently without 
proof. It is of interest to students of heraldry^ that the narwhal's 
horn Is that of the fabled unicorn, which supports the British coat 
of arms. The tusk was supposed to have mediciua] properties dur¬ 
ing medieval times. Narwhals are rather small, seldom exceeding 
fifteen feet, not including the tusk, which may be seven feet or 
more in length. Like the white whalfip the narwhal is hairless, even 
on the lips. It is said that the embryo beluga is devoid of the 
usual foetal hair. Whether this is also true of the narwhal Is a 
question. The food of the latter b largely moUuscan, wdth some 
fish. 

Subfamily Dclphininie, the dolphins and porpoises. These are 
comparatively short-snouted forms with a well-rounded eramucm 
The teeth vaiy^ in number in both upper and lower jawa but are 
-simple single-rooted cones. There are no teeth in the premaxilla- 
ries, but as the maxillariea extend to the end of the upper jaw the 
teeth are well dbtributed. The anterior cervicals are fused. At 
present this subfamily includes the greatest number of Hving 
toothed whales. They are very widely distributed, inhabitii^ not 
only the seas but the mouths of some rivers, although rarely exclu- 
rfvdy fluviatile. Fossil dolphins range from the Lower Miocene 
on but are relatively not so numerous. Certain of the family, 
notably the harbor porpoise, are found occasionally wdth what 
appear to be dermal ossicles and have been taken as esidence 
for the derivation of thb group of cetaceans, if not all of them, 
from an armored ancestry such as the edentate stock. Other 
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authorities claiiu that the so-called ossicles are merely calciGcatioiis 
of the skin and have arisen as new structures, homing no historic 
significaocen Certainly there is little other evidence for an edentate 
ancffitry, and no other group of mammals are knovi^ to po^ess 
such an exo-skeleton. There sicems to be no valid reason for sup¬ 
posing that the dolphins have arisen from a different ancestry 
from that of the other Odontoceti, althou^ they have been an 
isolated group since Lower Miocene time. 

Ddphiiaii {Fig. 192). This genus includes the common dolphin, 
D. deiphia, which has a more distinct beak than most of the other 
forms. It varies so much in color and proportions, including the 




Fio, ISZ.—Dtilphin, £telj3AiFiiM JtuVdii, t After ScamniQii,) 


numbers of teeth, that it has been divided into as many as seven¬ 
teen species; this, however, seems to be without adequate founds^ 
tion. The small teeth may number as many as 65 pairs Of the 
cervicals only the atlas and axis are fused, the pectamls are some¬ 
what sicklc-ahaped (falcate). This is the dolphin so conspicuous 
m the stoned traditions of the past and in heraldry and coinage 
where it is usually represented with arched back, as it generally 
appears when rounding out to breathe. The genus Sotalia is also 
beaked, but its teeth are larger and fewer. It differs from the other 
Delphinin® in being largely restricted to fresh-water. One in the 
Amoy River of China ia nearly white in color, that in the bay of 
Rio de Janeiro is pale brown. Most remarkable of all is 5 teiizii 
from the African Cameroon River, which not only has an ex- 
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temal tubular blow-hole, but is said to bo vogetariaQ in its 
feeding babita. This last is borne out by the stomach contents 
of one individual, but whether it is universal with the species is 
not clear. 

Tursiops is represented by T. tursio, a very widespreod dolphin. 
It is black to lead color above and white beneath. 

Titrsio is dislingiiished from Tursiopt by the absence of a doml 
fin. The latter is known from Pliocene time. 

Phocena, the porpoise, has a row of tubercles along the dorsal 
fin; it is also blunter headed than Tursiops aud lacks the distinct 
beak, P, communis ranges from 6 to B feet in length and io it six 
cervical vertebrse are fused. It is gregarious, often following ships, 
and will ascend rivers. 

GM)iccj)halus has its teeth reduced to 7 to 12 pairs, and the 
bead is peculiar in form, rising sharply behind the nostril, hence 
the name. This whale also lacks a beak. Its length of 23 feet 
makes it the largest of Delphtnids, and its great numbera and sheep¬ 
like herding instinct make it easy of capture. The popular name of 
the most familiar form is pilot whale or ca’ing whale. Another dis¬ 
tinctive character is the degree of hyperphalangy of the two 
middle digits of the hand, as many as 12 to l-l bones being present 
in each. (See Fig. 13,0.) 

Gramjms is another allied genus. There are 3 io 7 teeth in front 
of the lower jaw, but none above, a condition comparable to the 
sperm whale and rare among the dolphins. There is again no beak, 
and the pectorals are long. It is not a very common whale, 

Ordniis area (Fig. 57) is one of the most interesting of the dol¬ 
phins. It is the killer whale and is often, though erroneously, 
known as the grampus. The killer is a powerful creature, sometimes 
30 feet in length, and is black with conspicuous markings of white 
and yellow. It is, as we have seen, the only cetacean to prey 
habitually upon warm-blooded creatures. It has a high, pointed 
dorsal fin which adds to its striking appearance. Ita voracity may 
be measured by the stomach contents of one specimen, which con¬ 
sisted of 13 porpoises and 14 seals! We have told of the coiiibined 
attack of these sea-wolves upon the huge but comparatively in¬ 
offensive Greenland whales. The offensive weapons of Omnus are 
its strong conical teeth, upwards of 42 in number, 

Pseudmea differs but little from Orcinus. The teeth are fewer 
and the dorsal fin smaller and nearly all of the cervicals are fused— 
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twice S8 ss in Orciniis. Orcella, another allied genuE, is 

both, masine and river-mhabitiDg (I rawaddy). Psewlons was first 
known as a fossil from the Pleistocene of the Cambridge fens. It 
was not until later that it was found to be living. 

Mystaceti or baleen whales,—These are the wholes in which 
the teeth are embryonic germs only, their function being sub¬ 
served by the whalebone or baleen which hangs from the roof of 
the mouth. As a rule, the upper jaws are slender and are bowed 
upward in varying degree, while the lower jaws curve outward 
in the horizontal plane, touching at the anterior end without 
actual fusion. Between them is the huge tongue, a vital part of 
the food-getting mechaoisni to he described. 

In contrast to the Odontoceti the skull is perfectly synuTLetrical 
the blow-hole a paired aperture. The ribs are always single- 
headed and articulate with the transverse processes of the verte- 

exception, the pygmy right whale, 
Arotroiarao. the whalebone whales are vast animals, being equalled 
among the Odontoceti only by the spenn whale. Physeier. Some 
of them exceed the ponderous proportions of Pkyaeter itself, for 
the great blue whalo, J?a/acm>pfmi, with its upwards of 110 feet of 
length, beloags here. (Fig. 64.) 


The feeding mechanisni consists of t riangular plates of a homy 
substance, l^een, which hang from the roof of the mouth com- 
pamble to the tmnaveme ndges which many mammals bear on the 
palate These are frayed out into a hair-like fringe on their inner 
edge. So numerous are the plates that their combined fringes 
tomi a veritable sieve which pemiita nothing but water to 
betwee^ them. The whale, aith the mouth wide open, rushes 
through vast swarms of small floating organiams (chiefly plank¬ 
tonic Crustacea and moUuaks, like the sea-butterflies or ntewy 
podsl It toen closes the mouth and presses the groat tongue 
upward thus dr,«ng out the water. The food, left stranded 
upon the tongue, is then swallowed. The plates of baleen vary in 
^ different jhaH reaching a maximum of 370 

with a length of 13 feet m the bowhead. Their color varies accord¬ 
ing to the species from black through pink to white 'in 1897 
whalebone was valued as high as $10,000 a ton, and a single whale 
might prince several tons Tivday, oahng to changing feminine 
styles and the advent of the automobile, there is no market for 
It, oa its principal use eras for corsets and buggy whips I 
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There are three existing families of Baltenids, the BaJ^fiopterid® 
or rorqnab, the Kachiiinectid® or Pacific gray wliales, and the 
Baiseiiidj^a or right whflJes. 

Baisenopteridec^ These are the largest of whales, although as 
a rule relatively less bulky than the Bal^nids- Tlu? other distsii- 
gulshing features are the grooved or furrowed throat and the 
presence of a dorsal Bn. The bones of the comparatively amaller 
head are not so highly arched, and as a consequence the baleen 
is shorter. The furrowed throat eeema to be a partial compensa¬ 
tion for tins, as it permits of greater expansion and consequent 
ntovement of the tongue so that the feedit^ mechanism is just 
as effectiver There are but four digits in the hand, as compared 
with five in the right whales, and the seven eervicals are not fused. 
The most interesting of the rorquals are the finner, blue, and hump¬ 
back wliales. Of these the finner {Bal^noptsra velifera) ranges from 
44 to fir feet in length, brov^mish black to black above, ivhite be¬ 
neath. The dorsal fin is high, and the pectorals relatively small 
The number of baleen plates is about 330 on each side^ and it feeds 
largely on small copepcxl Crustacea. 

The blue whale or :iulphur-bottom, Batenop^era (or SibbaMm) 
muscidtis (sec Fig. fit), is the largest of whales, specimens having 
reached the length of 100 feet and over, with an estimated weight 
of upward of 150 tons, by far the Is^rgm masg of aniinated flesh 
the world has ever seen, for if any of the ^uropod dinosaurs 
approached it in length, and thi^^ is possible, their weight could not 
have Ijeen half as great because cf their compact body and slender 
neck and tail. The common rorqual, B. phymlu:$, is from 65 to So 
feet and the Bei whale not more than aO. All of these great w'hales 
are somewhat underpow^ered, their speed not exceeding 8 to 12 
knots, although, as their conformation would imply, they have 
tw'ice the speed of the stockier right whales, which is one reason 
w'hy they w^ere not purs-ued by whalers in the days of sail More¬ 
over, the short inelastic whalebone and relatively tbm blubber 
leadercd them far less profitable even if they could be overtaken- 
Modem steam whaling has changed all this, and the rorquals are 
no longer exempt from destruction. 

One of the most amusing of whalea is the humpback (Fig, 193), 
hoSp& (omocfaiSo), a veritable clown, not only in appear¬ 
ance but in behavior. It is a largo whale of 50 feet or so, stocky, 
with enormous pure white pectorals, which are about one-fourth 
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the overall length of theammal. The Sas are tubercled aloog theii 
margm, as are the ja'ivs and hcad< Hiunpbacks are very subject 
to parasites, especially whale barnacles, of which some other 
whales are comparatively free. As with the other rorquals, the 
throat is furrowed. The rather low, irregular dorsal tin is said lo 
have given them their vernacular name; others claim that it ref ere 
to their habit of humping themselves when they emerge. ITiey 
are widespread in all oceans and were once very numerous, but 
thetr fricDdliness and sportive habits have made them an pa ay 
prey to whalemen, so that their numiiers are sadly depicted. The 
wbale-lx^ne is comparatively short and Is black in color. 

Hachianectidie. This family includes a single fonn, RaekianecUa 
Slaactis, tlie Pacific gray whale. It differe from the rorquals in 
lacking a dorsal fin and in the reduction of the throat fu^ro^s's to 
two or four. In size it is relatively small, but 40 to 50 feet, the 
color is a mottled gray varying to black, and the light-cobred 
baleen is short. These are shore-losing whales, lying in the surf in 
two fathoms or so of water and often being held stranded until 
released by the succeeding tide. The capture of these whales in 
shallow water was a very dangerous business, due to “the quick 
deviating movements of the animal, its unusual sagacity." This 
is especially true of the females accompanied by their young, for 
they do not hesitate to chase, attack, and destroy the boats thus 
endangering their crews, the resultant casualties to life and limb 
being frequent. 

Rachiaruxies is the least modified of all the whalebone whales 
and is readily derivable from the ancestral cetiotheres. They liave 
l^n spoken of as “living fossils," a term often appUed to per- 
ei^teiitly primitive foniis, 

BalxnidK, right whales. These whales are at once distinguished 
by the disproportionately large ms of the head, both in length 
(being one-third the over-all dimensions) and in height. The 
throat lacks entirely the furrows found in the rorquals. In aoitc 
of their enormous bulk, they rarely exceed 50 feet in length and 
tliere Ls no trace of dorsal fin. They possessed in large measure the 
old-time requisites, an abundant j-icld of oil and very fine long 
whalebone, which gave them their popular name of right whale in 
contradistinction to the other Mystaffiti, which were lerong from 
the point of view of profitable whaling. 

There have been sev'eral genera and many species of these right 
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dcsciibed, bdsed either upon fragmentaiy mftteria] or upon 
variable iadividuala. As a matter of fact there are relatively few 
species and probably but one genus, EvbtUcena. The Greenland 
whdc is E. myatiKtus (Fig. 194) and is confined to the Arctic Ocean, 
a timid, inoffensive type, which, however, dives to a great depth 
and is frantic in its efforts to rid itself of the harpoon^afforts 
wluch may result in a swamped or stove boat. All of this added 
greatly to the danger of old-time whaling, in addition to the perils 
of arctic navifi^tion. The arctic whale is black with a white area 
on the under aide of the jaw. 

The southern ri^t whale is Eubalma ausfrof^ (or gladaHi) and 
seems to include all others the world over, but its range does not in¬ 
trude upon that of viystieetus. The specific contrasts lie chiefly in 
the fact that m mysiiatus the head is relatively larger and the whale¬ 
bone longer and finer. Minor skeletal contrasts are also recorded 
IS the pygmy whalebone whale, bearing the same 
rala^onship to the great whales that the pygmy sperm, Kogia, does 
to the cachalot, Pkyseter, Its length is but 20 feet The dorsal fin 
is torqunl-like, bu t the shape of the head and absence of throat fur¬ 
rows, toother with the Jong whalebone, link it rather with the right 
whal®. The one species, AT rnarginai^, ia very local in its distribu¬ 
tion, being found only about New Zealand and South Australia 
Ancestrally the whalebone whales are out of the Miocene Patrio- 
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CHAPTER XXXV 
PROBOSCIDEANS 

Aside from the whales and the great dinosaur^ of the Mesozoic, 
the elephants lead the animal kingdom in size and majesty, and 
stand unique in nobility of physical and mental characters. Add 
to this the fact that their evolution ^nce the close of the Eocene 
can be traced with great fuUnesSr and their claim to our interest, 
second only perhaps to that of the horses and mankindt ia com* 
plete. 

Place in Nature.—The placental mammals may be grouped, 
principally according to the character of their foot armament, into 
four cohorts: the clawed or unguiculate forms, the hoofed or un- 
gulate^ the nailed or prhnatej and the cetaceans or whales. Of 
these the CamivoniT ^ representatives of the unguiculates^ and 
the whales have been discussed, and we now pass to a considera¬ 
tion of the hoofed creatures, of which the Pmboscidea form, in 
a sense, one of the moat primitive of living orders. 

Proboscidea arc therrfore members of the class Mammalia, 
cohort Ungulata, which ernbraoes also the familiar Penssodactyla 
and Artiodactyla, the archaic Condylarthra and Amblypoda, and 
the curious South American ungulates^ as well the Hyracoi- 
dea^ and, as an sppendbe to the cohort, the Sirenia or sea-cows. It 
is with the la^^t two orders particularly that we are concerned^ for 
Paleontology has shown that however far removed from the lordly 
elephant the humble hyraces or conies on the one hand and the 
w'hale-likc sea^owa on the other may bep they are nevertheless the 
nearest to the Froboscidea of all mammalian orders. 

The great divergences between the ultimate representatives of 
the Proboscidea and Sirenia, the elephant and irumatee, are merely 
due to environmental adaptation, the offspring of swamp-dwellmg 
ancestors coming to a parting of the ivaya of which one leads to 
firmer ground, the other to the waters. The elephants^ evolution, 
as we shall see, largely concerns the head; the body^ except for the 
increase in bulk and the mechanical readjustinent of the limbs to 
bear t.hR weighty eidiibiting but little change with the flight of time. 
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The SM-cow (Fig. las), on the other hand, is profoundly altered in 
Its body contour, the hind iimbs have dUappeared, and in their 
stead there has been developed a propulsivo tail. The head how¬ 
ever in contrast with that of the elephant, has remained'prac 
tically os it was. 



J^*lepicant Aka Tout 


Something of the anatomicai Btnietnre of the eiepliant is neces- 
sar>’ to an understanding of the evoiutJonaiy changes which its 
anoestoiB Imve undergone. In our discussion of this stnicture we 


ATCfUiic VharactcT^s 

The eJeplmnt contains within its huge twdy a number of nrimt 
five futures, for the^soft parts of an animal’s anatomy Jith Jbe 
exception of the ^eletal muscles, are less subject to mech^i^ 
stress and are therefore rather more conservative in thet^te 
of change than are the bones and teeth. To l ■ a 

the stomach is simple in form, the liver has but two lobes 
a gall-bladder, the lungs are simple and but slightly loWod^th^ 
are two superior vena cave (the ancient nuXrl wJ !h’ 
blood to the heart, the placenta by which the unbirn youn^S 
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nourished is primitive, and finally the brain, although huge in 
size, is old-faiiioiied in fomi in that the cerebrum or fore-brain 
does not cover the cerebellum^ a notable contract with that of man. 
Skeletal Structures—The feet are five-toed, although there h a 


tendency toward the reduction of the lateral digits of the hind 
foot, especially in the African clepiiant. The 
number of hoofs may be fewer than the actual 
digits, as the entire structure is encased w'lthin 
a huge cylindrical mass of flesh and skin $o 
that no external sign of the digits other than 
their terminal naiUike hoofs is visible. 

The carpal or w^rist bones are serial, that 
placed one above another in line with the 
metacarpals themeelvea. This is the type of 
wTist seen in the condylarth Pki^mn^uA (Fig. 

J70) as compared with a displaced or inter¬ 
locking car]m 3 In w^hich the bones aJtemato 
as do the stones in a ivdl laid w^atl. 

On the part of all cursorial ungulates such ckpliant, Elrptm 
as the horse or deer the ulna tends to reduce, mantflus, fmio 
eftpccially in its lower two-thirda, the upper 
portion, which forms the elbow-joint, being of bones. (AfUr Flower.) 
necessity retainc?d. In the Proboscldcai on the 
other hand, not only Is the tilna retained entire, but it has become 
the dominant bone of the fore arm, the radius being much more 
slender and crossing over the ulna from the outer to the niner 
aide. (See Pi. XXII.) 



196 .—Fore foot 


Spedalis^tiom 

Size.—The grandeur of the elephant is a familiar thing in the^ 
days of zoological gardens and circus caravans, but rarely does 
one see a really huge specimen- The tallest living elephants be¬ 
long to the African species, as those of India are longer and lower. 
“Jumbo” (Ph XXI), the huge African elephant purchased by 
P, T. Bamum fix>m the London Zoo, had a height of 11 feet and a 
weight of 6| tons! His weight but not his stature waa exceeded 
by a huge Indian elephant in Bamuni^s herd some years ago. 
liuld African elephants are said to attain a height of 13 feet, while 
the largest American proboscidean w’aa the imperial elephant of 
the early Pleistocene, whose stature equalled if it did not surpass 
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that of the Afric^ form. The greatest Iieight recorded so far is 
that announced in the English press for a straight-tusked ele¬ 
phant, Elcphait antiqim9, discovered near Cimtham, England, in 
a Pleistocene river terrace in the grounds of the Royal School 
of MUitary Engineering at Upnor. This IWont creature, now 
mounted in the British Museum, exceeds in sijb the great skeleton 
of Ekphas meridimali* in the Paris Museum, which measurea 
about M feet in height at the shoulder. 

^ar-lihe Limbs.—While the bones of the limbs and feet are 
primitive in their numbers and airangcment, they are modified in 
one vyay in that they lack the angulation characteristic of ordinary 
ungulates and are perpendicular one above another, Tlius in the 
home the thigh is permanently flexed at the knee so that its long 
diameter js always oblique, but that of the elephant is vertical. 
This produces an alteration in the shape of the bone itself for in 
the ho^ it is ^ elongated S with tbe articular faces more'or less 
parallel with the axis; in the elephant it is I-shapcd, the articula¬ 
tions lying at nght angles with the axis of the bone. As the stress is 
thus transmitted through the length of the bone, the latter may 
be flattened without serious detriment to its strength, which is 
^p^ible when the stress passes obliquely though the bone. 
We find this tj-pe of limb again and again, as in the amblypod 
ZHnoreraa and the sauropod dinosaurs, and, while these creaturea 
have not been observed in the ficah, the inference that their limbs 
were gmviportal ^ an adjustment to weight-carrying is irreskitiblc. 

Shortening of the Week -As a rule, long limbs like those of the 
elephants are ecmmpanied by a corresponding lengthening of the 
neck, as in the horse or more notably the gireffe to enable the 

°r';; t'*. ^ 

where the head is comparatively email and there ie no nrobosek 

but u. the.kptottobuguh.«d could hai-dly bo bomooo a l„oj 
ne^, md bcsi^, tbo probuacis obrateu the ooMtIly lor this 
^booc,s.-Tbe trunk of th. olopbnnt is in 
to,net,V, tenlujo to, UKito, th, > 

l.mTh'XX*? lx X “!'■ “'I ‘Its «<»«■» 

run tbo Icnstb iM^Mnng nt the lip, ,.hi,b j, 

Mb one (Iiton) or t™ (AfnMn) Snsct-lik, p^enssen hy nldeh 
relatively minute objects may readily be picked up The trunk 
is a great mmeUar mass with an enormous number of component 
muscles which by their cobrdmate movement shorten or lej^hen 
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the organ ^ whole ot curl it about any larger object to be lif ted- 
It abundantly compensates for the extremely short neck. 

Form of the Skull.—Next to the proboscis, one of the most re¬ 
markable elephantine features is the peculiar proportions assum^ 
by the skull, which has not only increased in actual size, but in 
height is all out of proportion to its length as compared with that 
of other animals. This is simply a mechanical adaptation to give 
leverage for the great weight of the trunk and its occasional bur* 



Fio. 107.— Skull of elephMit, Eiephas moiiFriaff* stfcLioned. B, brain cavity; 
D, dipkNg; it tnciwr i»*^r mebrs 3-5. (After Owen,) 


dens. The skull may be looked upon as a lever of which the oo 
cipital condyles form the fulcrum, the long axis the weight arm, and 
the occipital planet right angles to the long axis, the power arm. 
Shortening the long axis reduces the weight arnij, while the height¬ 
ening of the skull, especially at the occiput, lengthens relatively 
and actually the power arm, thus increasing the leverage and at 
the same tirne giving greater surface for the attachment of the 
great elastic ligament (ligamentum nuchs) w^hich ruiia backward 
to the \'ertcbral spines and bears the weight of the head, and for 
the huge muscles of the neck. Thus not only is the pow^er greatly 
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mcr^d, but it is much more effectively appUed throuEh this 
bUld„|Kmg» „t tte .kull, .s it h« b«„ ^llod, Tbo allOTtiOLj 
in «ljii|K thiia doenM dn not cany with them an laaniaae in the 
Size of the bram cavity, but the outer and inner "tables" of the 
CTanial bo^ have wj^ted from each other and the intervening 
space become filled with air-celb or sinuses separated by thin, 

aiS he'r* r its 

air-cells the name d.ploe has been gi;-eii. The sinuses are found in 

oth^>i^imais and of man where wide expansions of 

tone are devclop«i « m the skull of Confpkodon {7^^ 5l2i, 

elepto^^'^ to the estent found in the 

is ^hiiT^tenstio preboEoidean feature 

feniarkable in three ways: fewness of the teeth 

nf^r Buccession, and the development 

of the individual tooth itself. 

^J?L^ * which are the second upper incisor teeth, and one 

complete or two partial grinders In each half of each iaw' that is 

Jhe to'ml at any one 

pared with the normal 

cecded vertically by the permanent teeth the^wth ^ **' 
=um,™l The uppe, „„k S .t ” 

permanent ones as in other mammal,; the erinden,^.? 
formed one at a time in the rear part of thl W 

wrd .„d forward .hmugh .b. wVriltTr 

out by u*. Owuu telU ™ that tha milk or t 

buyond the pim bot.v«n tb. aiath Md mvSmZl a’’’^ 

ex«eds two inches in length and a third of an ini ‘ 

1» tbickmt part wham i. prolrudoaZ,1C™t.“‘^r“‘'' 

Dent tink cuta the gum uaually a mouth or two after the Z<kTX 
is shed. The molar tooth appeara d..^ if ^ 

curaplet. and iu full uee at thlS^onaT^JT T?” 

plalee (ee. page 4«) il „ee at two ye^ age td j "hM “/ “'* 
the third appears at two, is at its maximum at fivr 
nine, These are looked upon as milk molars Thp fi **^4 ** 

which ia the fourth ,rlu7er iu ^ceeeatm X”2S 

year and ia abed from twenty to twenty.fi«. the Bflh ahL.“tt 
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cro™ at twenty and la shed probabJy at sistty^ and the last molar 
appears at from forty to fifty year^. 

The tuska are spirally curved^ elongated cones composed, ex¬ 
cept for a atnall patch of enamel at their uniivoni tip, entirely of 
dentine or ivoiy of superlative fineness. They are formed from a 
large conical pulp at the bottom of the alveolus or socket and grow 
continuously throughout the animars life* IMany other creatures, 
such as the rodents, have continually growing incisors, but with 
them the upper and lower teeth are antagonistic and are kept 
within limits by wear. With the elephant's tusks this is not true 
and while their use, especially that of dij^ng:, entails some wear^ 
there is nothing to limit their monstrous growth. The tusks of tho 
Indian or Asiatic elephant arc comparatively moderate in sise, tho 
largest cited by Owen in his Odtmiography havhng a length of 9 feet 
with a basal diameter of 8 inches and a weight of 150 poimdaj but, 
as he saySj these dimensions are rare in the Asiatic species^ The 
record for an African elephant, on 
the other hand, is that of a superb 
pair of tusks seen in New York^ of 
which the right one 10 feet | 
inches long by 23 inches in circumfo 
ence and weighed 224 pounds^ while 
the left was 10 feet 3| Inches long by 
24^ inches around and weighed 230 
pounds, gi’^ing a total of 463 pounds 
for the pair! It is said that the crea¬ 
ture that bore these tusks was so old 
and the tusks so burdensome that 
he occasionally had to stop and rest 
their tips on the ground- The females 
of both species usually have smaller 
and stmighter tusks than the males, 
although the tusks may be vestigial 
in the Asiatic females and in the 
males as welk In certain of the ex¬ 
tinct formsj notably the imperial elephant of southern United 
States and Mexico, the tusks are much larger, those of a spednien 
at Yale measuring more than 13 feet on the cun^e, while one in the 
City of Mexico is said to exceed 16 feet. 

The molar teeth (see Fig. 193) are highly complex structuri® 



Fio. —Mobr tooth ot cle- 

ptuUkt, tFummas. 

cirowii view; 5ec6on€sd longi- 
tudmfiily. Black, cnfimel; ob- 
liQuc Ltwes, dentma; dots, 
ceiQiiMit. (After Ltihr) 
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mde up of a number, up to twenty-seven or more, of traieverae 
plates or lamella, each of whicb is composed of a flattened mass of 
dentine surrounded by enamel The plates are united by a third 
swbstaace known as cement so that as the crown wears away it 
bears a number of transverse ridges, formed of the harder enamel, 
separated by depressions at the bottom of which lies the softer 
cement or dentine as the case may be. The first teeth are relativeiy 
smiple, but the number of plates and consequent ridges, two to a 
plate, increases with the size of the teeth until in the last molar 
the maximum of twenty-four for the Asiatic and tea or eleven 
for the Afncan elephant is reached, the latter being more primitive 
in its tooth structure, 

Braln^-^ ^ have already seen, the brain ia of an old-fashioned 
sort m that the fore-bram does not cover the yod-brain; on the 
other bandits specialisations lie in its great sLsel w-ych actually 
Uim that of ^n and is second only to the siac of the 

bram of the g^t whales. In addition to its volume the eJeplmnt 

r fh Kbut this is m part an adaptation 
to size, for the bi^ of an object mcieases with the cube of its 
diameter, while the surface enlarges with the square- the one 
therefore outruns the other, and if they are to bear ^ definite 
^tio to each other the surface must be increased by infoldmg 
outw t^ P«>bo.idcan bram as a great socialization 

T^e inteUigence of the elephant has b«n exaggerated by some 
writers and greatly minimized by others. Qe^ts p2^ a 
rmarkable memory of miuries, real or fancied; of miS^cs- 
of fnend foe; and of the time and place of the ripeyngTS 
vontc fruits, as many a planter knows to his cost. Th% ali leam 

y toe S ^ the carrying and pLg of 

m the ^ yards of India without direction other than t^e initS 
otoer; they are obedient imd doeUe. notably those of IncUa ^ 
this seems the more remarkable when it is rmemheL * 
are not domestic animals m the sense of bemt thp « 

Wne«lio.» ot »l«ive l«,dbe, but Ibii p„.tiL|ly °il 

caught wild and subsequently tamed so one la 

which .pe.J<^.c,, i o' 

bmin of tie fine Inala Jndian depTiant r 

RiDRbne’9 CIrcLU to lh<^ YaIb ^^fuBAuin, ^^iahed Ifrt prc^ontrtJ by 

8 feet 2 in. JniialiL Thia j'n^ivi^ g wa, .twidin* 
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But the docility^ especially of the males, is subject to rude in¬ 
terruption by periods of nervous escitcmedtp apparently of a sexual 
nature, known as ^- must" during: which they become very daneer- 
ous and sometimes destroy the keepers in their paroxj'ams of rage. 
Ultimately all male elephants become surly and intractable; m 
the wild state such are known as rogues and live apart from their 
kind until they die. The great Asiatlo elephant *^Gunda (see Ph 
XXIIIpB) in the New York Zoological Park, when purchased in 
1904 was so docile that children rode upon his back. In 1908 he 
began to show signs of surliness and the following year made a 
murderous attack upon his keeper. In 1912 '^Gunda^' was put m 
chaitis for another savage assault, and in 1913 another keeper had 
a narrow escape from death. Finally in 1015 the beast had become 
BO dangproua and so unhappy that in spite of being in every other 
way a superb apecLmen he vras coudemned to be destroyed. Hia 
age at the time of hb death was about twenty-four y^is. The 
famous Jumbo was sold from the London Zoological Gardens 
because he was no longer trustworthy from the same cmise. He was 
not, however^ a confirmed rogue, even when he died three and a 
half years later. "Jumbo” was also twenty-four years old at the 
time of hb death. 

There is a certain parallelbiu between the nature of human 
mental development and that of the elephant. One of the mest 
potent factors in the evolution of man’s mind b hb ^ility to 
handle various objeets and thus bring them before the eyes for 
examination. Thb is also true of the elephant, although to a 
less extent^ and undoubtedly aided materially in Its mental 
development. 

Elephants have been accused of timidity and cowardice^ though 
when brought to bay rage may simulate courage^ making a 
charging tusker a most formidable foe. 

Senses.—In common with moat forest and jungle dweUers with 
whom opportunity for extended vision is rare, elephants are rel¬ 
atively duU of sight, though keen of scent and hearing, in fact, 
marvellously bo* for Schillings, the German explorer, tells us that 
they either have an acuteness of eome knowri sense f&r bcjrond 
our eomprehendon or some other sense unknown to us. The latter, 
however, b hardly |jo«sib]e and smec the seutinels of the herd 
stand with uplifted trunk testing the breeze, it b probably in the 
sense of smell that elephants are thus gifted. 
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Ontogeny 



But little is known of the earlier stages of elephaiit ontogeny 
owing to the great ecarcity of embiyome material. The smallest 

and most immature embryo of which 
a description has been thus far pub* 
lished was pictured in L’llliustradon 
for Di^mber 20, 1912 (see Fig. 199). 
In this picture the creature, whose 
length was but 17 centimetere (OS 
inches), is seen astride an ordinary 


Fig. 190.^—Eiiibi^nic elfi* 
pliaiitH Loxodofila ofri&aia, rest- 
ing on n dHokins 1^*99^ (Ee- 
dmwn froDi LUUuMr'aHoti,] 




drinking glaas ftumUer), but 
even at tiiis early stage is 
sentially elephantine, probos¬ 
cis and aJJ. About the only 
thing noticeable in 
turc wherein the 
deparU from the normal ele¬ 
phant la the marked angula¬ 
tion of the limbs and the 
relatively greater length of 
the foot below the heeL The 
embryOj which is that of an 
x4frican etephant from the . 

although this is not evident «treeture or diplot with a™ n 
from the picture. cavity. (Aft« Flairer.) ’ 

^ide from the gradual increase in tooth complexity with ase 
perhaps thfi m^t notable ontogenetic change is the heightening 
of the skuU with the development of the dipl«, for the cranium 
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of a new-born elephant is like that of other mammab, a oompara' 
tively thin-waUed brain-case, the cavity of which increases but 
little in size with the growth of the skull as a whole, as the 6gure 
shows (Fig, 200), 

Phytogeny 


Size,—^The phylogenetic changes, on the other hand, arc amply 
recorded by the remarkably extensive series of fossil Proboscidea 
which havi come to light. If Mfmtherium (see page 572) is to bo 
considered a proboscidean in the direct line of descent, its estimated 
height of three feet may be taken as the one extreme in the series, 
that of Elephae of fourteen feet as the other, an increase 

of about five diameters or 125 times in bulk. 

Dentition.—^The dental formula of MfErUhetiwA may be ex¬ 
pressed thus: inebom, canines, premobts, 

molars, = 36 teeth, a very alight reduction from the noi> 

mfl.1 44. 






In Phimnia (see page 573) the formula is: i, 




niz 


. y = = 28. In ^faftod(m amencanus; deciduous 

teeth: i, rl; c, m, ^ | = IS; permanent teeth: i 

C, P, ni, ^ = 18-20, Eleplm: deciduous and i>er- 

manent: i, m, ^ = ||= 28. Thus it will be seen that there is 
a graduaJ dLuiinutiou in the number of the teicth during tho prog¬ 
ress of evoluti&n; especially is this true with reference to the 


number present iu the jaws at any one time. 

In the earliest proboscidean the molar teeth are 

small and short^rowriedj with two dmple transverse crests and 
small hinder lobes separated by open vatleji+ As time gioes on the 
number of cross crests becomes greater, although in the niastodona 
there are never more than five or sis» The mastodons have, more- 
dver^ little or no cement in the inter^Tning vaUeys, although the 
latter may be more or less intemipted by additional cusps. In some 
species the worn crests arc companitively simple^ in others there ia 
a more or lasj complex ** trefoil^' pattern of the enamel produced 


by wear. 

The traositionad elephants of the genus Stegodon {sec page ^70*) 
have moi^ complicated teeth, the crests increasing in number up 
to tea and becoming narrower; there ia also a tendency toward the 
filling of the valley’s with cement. In Elepftos the deei>cn>wned 
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complex grind bg teeth suitable for Imrjh herbage are perfected, 
reuchiog great intricacy b the woolly mammoth, Mammofrdeut 
‘primigmius, b which the number of cresta may be twenty-fi^fe or 
more up to thirty. In the African elephant, Loxodonta, the teeth 
are less complex in that not only are the crests fewer, ten or twelve, 
but each becomes losengoshaped upon wear rather than having 
the form of a greatly compressed ellipse with parallel sides. 

Tusks.—The earliest form, l/ffiritAcriwm, has three incisor teeth 
above on each side, the second pair of which are larger than the 
others and point sharply downward; the second lower incisors are 
in the form of procumbent tusks almost horizontal in their posi- 
tion. Piu’enita, the next stage, has a sbgle pair of tusks above, 
with a broad enamel band, and a pair of spatulate ones below at 
the end of the elongating lower jaw. None of the tusks are coq- 
tbuously growbg as m later forms. From Pkiitmia on, the tusks 
are borne in both jaws and grow- continuously throughout life, 
the upper pair, which are curv'ed downward, possessbg an enamel 
band on their outer face. These are the four-tuskers or "tetra- 
belodonts.” Subsequently most of the Proboscidea lose the lower 
tusks although vestiges, one or two, may be present in the male 
of the American mastodon. With the loss of the lower tusks the 
upper ones turn upward and finally lose their enamel, aa b the 
form just mentioned and in the true elephants. 

Lower Jaw.—The lower jaw also undergoes a remarkable evolu¬ 
tionary change, elongating at the symphiTiis with the development 
of the lower tuaks until in the Trilophodonts a maximum is reached. 
Id other phyla, with the loss of these tusks, it shortens until only 
a spout-like vestige of the old elongation remains. In the aberrant 
form DinoUierivtm the lower tusks an? retained, but the jaw bends 
dowTiward sharply at the symphysis so that the short, pointed 
tusks He at right angles to the jaw. The upper tusks are apparently 
lacking. Tusks seem to have had for their stimulating function 
that of digging—first a spade-like use of the spatulate lower tusks, 
the upper ones having possibly a pickaxo-likc function for lotsscning 
the earth. lAter when the upper onca assume the entire digging 
function, as we have seen, they turn upward instead of down. The 
African elephant to this day is a most industrious digger and one 
tusk, as a consequence, is almost always the shorter of the two. 
The use to which DinoiAerrwm put its lower tusks is conjectural* 
there is reason to believe, however, that it may have beep partially 
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Fia. 201,—EvDlutiDD of head and Molar teeth of mafitodens and dephaata. 

Eltphat^ Fleurtweiie;; By PlioceJi&^ C% Maslodimf Pldi$to- 

D, D^p Mi^enc; E, E't FAieM^tiiaK Oligocene; Fp 

n't£JTOp (After LulL} 
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ftqu&tic and the simplicity of its teeth points to a veiy succulent 
sort of food, possibly of aiquatie or swamp vegetation; if ao, the 
tusks may have been used for detaching it, 

Proboscis.—^The presence of a proboscis Ls always indicated by 
the shortening and backw'ard retreat of the nasal bones, together 
with a strengthening of the adjoining bones for nittscie attachment. 
There is tlien:fore no reason to beUevc that Maritkerium bore a 
proboscis of any sort, although it may have possessed a prehensile 
upper lip; but even this cannot be proved. In Phiomia, on the 
other hand, the nasals have receded and the rear of the skull 
has begun to heighten, indicating that a proboscis had been de^ 
veloped probably merely for the purpose of reaching beyond the 
lower tusks. Thus the development of the latter seems to have 
been the pniue cause of the growth of tlie trunk, which developed 
pari passu with the elongating lower jaw. Although the jaw was 
long, however, the proboscis was distinctly limited in ita movement 
for whde it could be raised and swayed from side to side it could 
not be bent downward unless to one side of the jaw. The shorten¬ 
ing of the jaw, or, as in Dinot/iertwtif its downw'ard curvature left 
the proboscis as the wonderful pendent organ which the Uving ele- 
phant possesses, 

Ancestrt 


Phylogeny.-Aa with the horses, the phylogeny of the Pro- 
boscidea is quite comples, and the final unravelling of it is not yet 
accomplished to the eatis/action of paleontologists That set 
forth by C W. ^^ws in the Quids to Stephar^ts in the British 
Museum (Natural History), while highly authoritative, is a simple 
Bto^ of suc«^i« st^cs, whereas the American paleontologist 
Os^m to the other extreme and recogniaes many diveraent 
and i^lbl races, no fewer than "twenty^ght generic and sub- 
^nenc phyla . . . with other phyla doubtless remainirE to be 
discovered T^ extreme differentiation has not yet been gene^ 
ally accepted. It is best, perhaps, to Iraveree a middle e^und 
By Oligocene time the Proboscidea had branched into fon^n: 
cipd stocks, the (1) Mrerithe™. (2) Dinotheres, (3) Mastodonts. 
and (4) Elephants. Of these the awamp-dweUing mccritheres wert^ 
doomed to speedy extinction. ITie dinotheres, whUe longer-lived 
were few, a curious aberrant ade line which died out in the Plcia^ 
tocene. The mastodons, vastly more numerous and widespr^ 
arc differentiated into the true mastodons, with relaUvely imple 
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teeth, which peniistcd until very late geologic time, and the bimo- 
mastodona, whose teeth were rendered more complex by the 
addition of eonea and trefoils between the crests. They include 
long, medium, and short jawed forms, the last having lost the 
lower tiwks, and were in genera] broftsers. 7'he last group (El- 
ephantoidea) include the stegodonta or transitional brownin g 
elephants and the true elephants which possess upper tusks only 
and very complex grazing teeth. 

Early Tertiary Ancestors.—Our knowledge of the earlier 
stages IS due largely to the work of C. W. Andrews, who had 

access to the vast amount of mate¬ 
rial in the British Museum of Nat- 
Ural History as well as that collected 
by the Egyptian Government and 
now preseiTcd in the Cairo Museum. 
The Eocene and Oligoccne stages, 
___ which are entirely African, are, first, 
Flo. 20B.-^^uII of Marit^ the genus Memiheriufti (Moeris an 
nuBi f^4>n4t, Eocene, Africa ancient iake wKinii 4 L. 

(Fayflm). One-iTOth lutotBi siaa '^hich the remains 

(After Amlrews.) were found, and beast) (Figs. 

fmm moll, f 1 f T* ^ ' W'hich comes 

from rocks of late Eocene and Lower OUgocenc age in what is 

known as the Faj^lra district of the Ubyan desert, some sixty 
miles southwest of Cairo, Egypt. ^ 

The form is imperfectly known ex¬ 
cept for the skull, which is unlike 
that of any other proboscidean in 
that the face is short, the middle 
portion long, and there is no indi- 
cation of a proboscis. However, it 
does show the beginnings of pro¬ 
boscidean evolution, since the nasal 
openings are large and are begin- 




203.—Head of ,\f<rrilKerium, 
rartored. (AflcjOBbora.) 


fh 1 ^ 1 : - the back 

of he skull, the second pair of upper incisors are enlaiging into 

t^fcs, the molars are tmnsverBely ridged, and the anterior part 

o the lower jaw is elongating and becoming spout-like. So much 

of the skeleton as is known indicates an animal about three feet 

high. This creature was probably a 8waini>dweller. living unon 

the succulent semi-aquatic herbage of the time. It is untecord^ 
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outside of the FayUm, but seeius to have esdated into the Lower 
Oligocene so as to become a contemporary with the next genua. 

The succeeding genus in the evolutionary series is Phiomh (P!^. 
201E, E'j 204j 205) which was likewise discovered in the Lower 

01 igocen e d@pDsi ts 
near Lake Moerifi 
in the Egyptian 
F^yhm but has more 
recently been re¬ 
ported from the Gaj 
horizon of northern 
India in the Siwalik 
hilla. It 13 an im- 
doubted proboscid¬ 
ean of larger size than 
its predecessor and 204.~Skul[ of Phiomia, 0%>c«nQ, Africa 

with limbs much like natural eize, (AJt&r An- 

those of modern 

types. The skull has increased materially m height* with a oou- 
siderable development of diploe, and the small nasals with their 
openings have receded $o that they lie just in front of the orbit 
much as in the modem tapirs. This would imply the development 
of a short extensile proboscis. The upper and lower canine and 

incisor teeth have en¬ 
tirely disappeared, ^ith 
the esoeptlon of the 
second pair of ineisorSf 
which have become well 
developed tusks. Those 
of the upper jaw are 
largCj downward curved* 
and have a band of 
enamel on their outer 
face. The lower jaw ha? 
elongated considerably, 
especially at the symphyaiap and the tusks point directly forward 
as in The premolar teeth have two and the molaia 

three transverse cresta composed of distinct tuberelea while the 
hindermost tooth Is tending to develop yet another crest. The 
neck IS fairly long^ although the posteKor cervical vertebrje tend 



Fio. 205.—Head of FAEoiroia, rcator&d. [Frcm 
model by Lull.) 






574 


ORGAJ^'IG EVOLUTION 




to shorten. The genua Pak^omadodm is not well known/ certain 
species being removed to the new genua Phiomia, The 

looked upon 
reet ancestor 
true mastodons [i. e., 
Mmtodon aiwricoTinia) 
from the simple char^ 
acter of its teeth, al¬ 
though the connecting 
scries Is lacking, prob¬ 
ably because of forest- 
dwelling habits whieb 
do pot make for ease 
of fcaalization or sub¬ 
sequent discovery. Phi- 
omm, on the other hand;, 
although contempo- 
rmy^ has more complex 
molars and is believed 
FiH- 206-—Stull of DirwtfeenKJn tCF be the forerunner of 

Lower Plio^ene+ Oemiany. One-fifteenth niLtur^ the shovel tuskera, 
jsiit (Frcrtn British ft'Juflsmn Guida to Eto- o* jt - 

pbftnte,) D^noih^r^um (Gr. 

terrible) (Fi^ 

206; 207)^ an ejctinct proboscidean whose remains have been found 
in the Miocene and Pliocene of Europe and India^ differs re¬ 



markably from the contemporary masr 
todonsn mainly in its dentltiod^ in that 
the molar teeth p wliieh are more nu¬ 
merous thun in proboscidcaiis m gen¬ 
eral and have the normal vertical ^juc- 
cession p have but two transverse cresta 
and ft small hinder lobe. They arc there¬ 
fore the simplest of proboscidean 
molars. The upper tusks appear to be ^ 
lacking, and^fls we have seen, the lower pjo. 307 .—Head of 
jftw with its contained tusks bends (After W. K. Gregory^ 

abruptly dow^nwaxd at the symphysis. Gabom.) 

There is evidence for the presence of a well-developed trunk and 
the remainder of the fikeleton is typically proboscidean. The 00 * 


^Andrew^i 1002, 
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cipital regioD of tho skulJ slants sharply forward and contains no 
diploe, othenvise the skull and the body and limbs have mijch the 
proportions of the AmeriesQ mastodon. A gigantic skeleton from 
the Roumanian Pliocene, DirwiAmirro gigantissimum,, is veiy long- 
hmbed and e^cceeds the largest mastodon in stature. Tins species 
could liardiy have been cither scmi-atpiatic or swamp-clw clling, 
ance both of these habitats imply short legs like the hippopotar 
mus. We can, in fact, coniccture little of the origin or of the 
habits of the dinotheres, except that their food must have been 
of a very succulent sort- The line must have diverged from the 
main proboscidean stem very early, as even Pfti'oniia is too far 
advanced to have given rise to it. It represents an aberrant side 
line of fairly long duration. 

Later Tertiary Mastodons.—There is considerable confusion as 
to the precise relationship of the various Bpeoiea of later Tert iary 
mastodons and their exaet phylogeoy is not yet clearly understood, 
so the classification here given is tentative and subject to future 
revision. 

It seems most natural to group together all of the four-tusked 
mastodons with the elongated lower jaw under the name Tetrabclt>- 
don (Gr. rerpa-, four, Mos, dart, dJojJs, tooth), but a study of 
their molar teeth seems to show that at least two parallel evolu¬ 
tionary lines would he thus included, both of which from tlie 
trend of proboscidean evolution passed through a four-tusked 
stage. Classifying them in this way we recognize two principal 
genera, Trilaphtidon (Gr. rpi-, three, and }.6<j>cs, crest) and Tetrah- 
pkodon (Gr. rerpa-, four, and crest) in which the intei> 

mediate molars (milk molar 4, molars 1, 2) have three and four 
ctoss crests respectively, 

Trihpkodon (Figs. 2f)l,D, 208) is the third stage in probos¬ 

cidean evolution, if we omit OiaotJierinJn, and is wfcll represented 
by the Miocene Trifepfiodba dtijfuaf Miens of which a splendid speci¬ 
men from Gera, France, is preserved in the museum of the Jardin 
dos Plantes at Paris (see PI. XXII). It was an animal of con¬ 
siderable size, nearly as large as the Indian elephant, but differing 
from it in the enormously long lower jaw, which with its contained 
tusks bad reached a mechanical luiut of efficiedcy. The donmward 
Curved, enamel-banded upper tusks do not reach rmich bej’ond 
the limit of those of the lower jaw. The adult molara have at- 
teuned such a size that but two cau be contained in a jaw at any 
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one time. Correlated with the great length of the jaws ib a marked 
increase in the diploe of the skull, Tnkfhodon wai- a great migrant^ 


Fifl. 20S.—Restoration of (Protn Britiah Mimuin Guide Iso 

^cphontAv} 


for not only do we find its i^naiiiB in Europe and Africa but 
the fir^t proboscidean to reach North America and must 
come by way of AMa early in Miocene time. Thereaft^ 
Proboscidea formed an 
important element in 
the fauna of North 
America until the ci- 
tinctiop of the Ameri¬ 
can mastodon in post- 
Glacial time. Trihypho- 

don iSetridentinus) Fiol 200.-Head of Iidlf,Tbolower 

productus, 13 a well ja». fue of l*ni;est retarded ie any prohoseid- 
known Texas species measured 6 fwt j restored, Atxnit 

from the PUocTne. Bsrboar. frem Km«,) 

while one American foim, TriUrphMon fuCf (Jig, 209), from the 
Nebmaks. Pliocene, possesses a mandible at least 6 feet 7 inches 
in length, and the entire animal must have been ponderous. The 
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type specimen, that of a ve^y old aoiiaal, has but one badly v^'orii 
molar left in each jaw. These are the Lon^roatriqeg of Osbom'a 
elassitication. 

In the geou3 TeimlopAodort the jaws are itot so elongated or eo 
effective as digging orgaas^ but this is compensated for by the 
greater complexity of the grinding teeth. Tetralophodont^ are 
first known from the Miocene of ItaJy^ but they reached India and 
finally North America, where they flourished and may have given 
rise to the peculiar South American niastodona known as Di- 
belodotif etc. {Osborn's Notorostrines), 

In Dibelodm (Gr. fit-, two, jSeXos, dart) (see Fig, 210) the molar 
teeth are similar and, becau^ the intervening valleys are blocked 
by additional cusps, form, when worn, a rather intricate enamel 
pattern. It differs from the tetraJophodont groupp however, m 



yia, Skull of Dibdo^ andittm, FleEstoc&iiei South .America, 
(ModiSed from Burmcister.) 


the loss of its lower tusks and the consequent Ehortening of the 
jaw. The enamel band of the upper tusks also tends to disappear 
and in its final stage we have a form not unlike Afustndm itself 
except for the greater complication of its grinderg+ Dibdod&n is 
found widespread in the Pliocene of North America and, as fat 
as we knowj was almost the only proboscidean to reach South 
America, where it spread, one species along the Andean highland, 
another in the lower country to the east. They persisted into the 
Pleistocene in the southern hemisphere, but in the north were 
replaced by the true mastodon. There are also other curioua 
American types known as Rhynohorostrines (beak-jawed) and 
Breviroatrines (short^jawed), which Osborn considers separate 
phyla. 

The true maatedon, Afaaiodun (Gn breast ^ and 

tooth) (Figs. 201pCp O'; 211; 212), is the best known of American 
proboscideans. The molars lack the intervening cusps of Teiraloph^ 
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odon, so that the tooth is siinpler in its appcarancs!. The lower jaw 
is shortened in ooniraon with that of all later piobosoideauSp but 
m we have scent vestigial and apparently functionless tusks may 
be present in some lower jaws, presumably those of males. The 
huge specimen^ the so-called Wanen mastodon^ in the American 
Museum of Natnml History, has one such tuskp while the Otisville 
epecimcn, a splendid young male mounted in the Yale Museum^ 
has nonet nor is there any trace of a socket. The mastodon attained 
a height about equal to that of the Indian elephant, from 7 to 9 
feet, but was much stockier and more robust in build, a fcatune 
especially noticeable in the breadth of the pelvis and the massive¬ 
ness of tbe limb bones. The skull also differa from that of the 
true elephants in its lowrer, more primitive contour, and although 



Pm. ZIl.—Skull ol PSeiatoccne, North Amenca^ 

(After Lull,) 

there is a large development of ahr-celb in the cranial w^aUs, the 
brain cavity is relatively larger* The upper tusks are coin parable 
to tho$e of the dephants in the absenca of enamel- Their length 
may exceed 9 feet. There are but two fully formed molars in the 
jaw's at any one time. 

The true mastodons were Pliocene and Pleistoceuc in rmige, 
outhiiing the cicphanta in North America- In geographical dis¬ 
tribution they ranged from Europe acro^ Asia to Alaska and 
thence southward throughout the United States. They seem to 
have been more exclusively forest-dwelling fonus than the cl<^ 
phaots which were their contemporaries. Their rctiiaios liave 
been found chiefly as a result of drainage excavations in the swamps 
and boggy lands where the^^ were doubtless mired and thus pre- 
Bcj^cd from decay. This is especially true in New York, Indiana, 
Ohio, Illinois^ Michiganj and Iowa, where it is said that almost 
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gyffy bog cootainB & mastodon. The food consisted of twigs of 
hemlock, spruce and other evergreen trees, possibly other her¬ 
baceous vegetation as well, and one specimen found in Ulster 
CoAmty, New' York, had preserved with the bones a quantity of 
long, dense, shaggy hair of a dark golden brown color. 



Fm 212 — Rfigtcistifin of theAmeriraaniafltodoii, {After KnlgM, from 

Oebom.) 


True Elephants.—In order to trace the evolution of the true 
elephants one must go back to the Upper iUocene of southern In¬ 
dia, to the form kno™ as Stsgomasbidon Idfidens. This creature 
gave rise to a species variously knowm as MaModan etephaiUoid^ 
Ci. e. elephajit4ike) or Stegodon (Gr. wiyew, to cover) diftt, for its 
transitional character is such that authorities differed as to whether 
it is a mastodoo or eoi elephant- 

In Stegodoji the molar teeth (sec Fig. 201,B), have more numer¬ 
ous ridges than in the mastodons and the name is given becai^ of 
the roofdike character of these ridges, the sut^ta of which are 
subdivided into five or she small, rounded proimnences. There is a 
thin layer of cement over the enamel in an unworn tooth, but uo 
great accumulation of it in the valleys, in contrast with the eie- 
phants. These teeth show how sUght the transition is, however; 
add merely a filling of cement to bind the crests together and the 
elephant tooth is formed. Trije Stegodm reruns have b™ foimd 
only m southern and southeasleni Asia, which su^ests ^ 
region may have been the original home of the true elephants. 

The elephants have been sufficiently defined in the anatomical 
section of this chapter. Aside from the living forms, many 
species are found in the European Pliocene and Pleistocene and 
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two io North America, while aaother, the woolly maiiiii)Oth> 
Mammonietis pritnigeniu^, is commoa to both and to northern 
Asia as wdl. The European species were Ehtphaa ofiHgtais, the 
straight-tusked elephant, aod Btephas mmdwnoiw, the former 
being the more primitive and showing the closest affinity with 
the living African species Lozod&nta. Both these and E. prim- 
genius were contemporaries of early man in Europe during the 
Glacial period. The American species are, fiist, E. imperator 
(Fig. 213), the larger, so-callcd imperial or southern mammoth, as 
its remains are found in Mexico, whence it ranged into Texas, 



Pio. 2 ] 3 .—Restoration of the imiKcul elephaat, EUohajt r 

Plciataceoe. North Amorioa. (M^fied' 


California, and as far north as Nebraska, A single molar tooth 
described from French Guiana seems to pertain to this elephant* 
if so, it is the only other species of proboscidean, aside from the 
genus Dibelodon, recorded from ihc southern continent. The mo¬ 
lars of the imperial elephant are distinctive in that the crests are 
relatively tew njid the surrounding cement very thick 
The second American species is Ehpkas jeffers&ni, the Jefferson 
elephant, a successor of imperaier, distinguished by its lesser statr 
ure and more numerous crests to the teeth. Each of the American 
species seems to have been characterized by the extreme spiral 
form of the tusks which in old age actually crossed at the tip so 
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that their pHmal function of dig^inj; was utterly lostj nor were they 
eflScient weapons of offense or defense. They have been cited as 
iiu^taiices of evolutionary momentum^ if such a thing exists, and 
certainly, so far as we can see^ were detriinental to their owner 
rather than otherwise. E. is wide-spread throughout the 

United 55tates up to the lunits of the range of M. pnmigenins^ which 
replaced it in the north. The distinction between the two species, 
however, is not always clear and there may have been transitional 
forms. 

Mammofiieu^ priTiiigenim is the hairy or woolly mammoth, 
the mammoth of popular knowledge It was admirably adapted 



Fla. 21.4.—Restoration of tbc woolir mflinmotlij Afc]i7ini<mlft44r 

PtcustocenCp and }%orth America. (Alter Kn^bt^) 

to withstand the cold of the Arctic climate. This adaptation lay 
in the development of a coat of cosj^se, long, black hair with a 
thick coat of brown wool beneath. It was circumpolar in its 
range, being found in great abundance along the shores of the 
Arctic Ocean but extending southward into Spain and Italy in 
Europe and as far as North Carolina and California in the New 
World. The famous frozen specimens of the Siberian tundras, 
that of the Lena delta found in 1799, and that of Beresovka in 
1901 no IV mounted in the Leningrad A-Iu^eum, have been described 
in Chapter XXV, According to Matthew, the contents of the 
stomach show* that these animals fed upon the same vegetation, 
grasses and sedges, bircheffj alders, poplars, etc., that prevails 
to^iay in the far north. They must have been v^ty numerous, 
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as thdr tusks constituted one-bslf of tbc eonunercial ivory annually 
available and represent thus far a herd of no fewer than 40,CMK> 
mdi\nduals—not of course those living at any one but the 
accumulation of centuries. 

That the iruirnmoth wa3 a Familiar aminal to prehistoric man h 
attested by the numerous drawings of them made by the artists of 
tho Upper Paleolithic age on tiie wails of eavemg. The teeth 
of the mammoth reached a maxLuium degree of complexity, double 
less an adaptation to the harsh vegetation of the north. Their 
tusks were of two sorts^ one shorter and stmightcrj the other 
a long spimi rivalling the tusks of the Jefferson elephant. In eiae 
the mammothj despite ita namc^ not great, as it rarely tf ever 
exceeded the stature of the Indian elephant of t<Hiay. 

living Elephants.—There are but two well-defined species of 
elephants extant and these are reaching the uatural limits of their 

racial life. They are, firsts the Indian 
or Asiatic elephant, Elephaa maxi- 
mus {PI. XXI113) whicli inhabits 
the forest regions of southwest 
and northwest India, Ceylon, Bur¬ 
ma, Assam, Siam, Coehin China, 
Sumatra, and Borneo. During the 
hot season they are confined to the 
denser parts of the forest, generally 
^^ater, while during the rainy 
season they range into the open, feed- 
ing on the tender grasses. 

The Indian elephant differs from 
the mammotlifl ia the possession of 
five hind toes to four in the latter 
and in never having the huge ^iral 
tusks; Indeed, as we have seen, their 
tusks seem to he disappearing, even 
in the males. Their ancestry is urn 
knowTi, as they could not have been derived from any discovered 
mainnioth. The grinding teeth, however, are very similar to those 
of Elepha^ jejf&rmni. 

The African elephant, Loxodonta (Gr, XofiSs, slanting) africana 
(Pi. XXIII,A) ia distinguished by its greater siz^, enormous eaiB, 
lower forehead, and larger tnakS;, also by the character of its grmd- 



Fig. 211—Mckr tocth pat- 
temn ef (A) Afri^mi djjphortj 
a/rtMtia, and (B) 
Ari.atic dephant, EkphaM maxi- 
(From Bfitidb Mu**!!!!! 
Gukle to ElepfiaaOi^) 
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ing teeth (see Fig, 215). It is conheed to the wooded districts 
of Africa south of the Sahara and north of the Cuuene and Zambesi 
rivers, but in many districts it Is becoming extremely scarce 
largely owing to the persecution of the ivory hunters, for its ivory 
is of a finer quality as well as being more abundant than that of 
the Indian species. It U probable tliat in the course of a few years 
not a tangle old indi\'idnal will be left alive, and unless they are 
protected by law’ they are doomed to a speedy extinction. The 
African elephant is rarely tamed, although it may be fuUy as 
tractable as its relative, A number of subspecies of African ele¬ 
phants have been described, most of which aie geographical 
races differing mainly in the form and proportions of their ears. 
(See also ‘‘Jumbo/* Pi. XXI.) 
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CHAPTEE XXXVI 
HORSES 


The evolution of the horse has for humanity a very deep interest 
because of the debt of gratitude which man owes to this humble 
eei^^itor and comrade and because of the fact that, largely through 
the unwearying efforta of Professor Marsh of Yale Uriive™ty* a 
collection of fossil horses was there as^mbled which was to prove 
one of the first documentary records of the evolution of a raoe. 

The American Museum of Natural History under Osborn's 
direction has since a^mbled an immense amount of material 
which gives a very clear view of the evolution of the group; it 
proves, however, to be not the dmplo sequence of genera of the 
earlier authorities but includes a number of diverging lines or 
phyla^ the interrelationships of which are not yet fully undemtood. 
IxDomis of Amherst College has also secured an interesting series 
of forms, including several complete skeletons, and more have been 
added to the Yale collection since Mark's time. 

Equine Adaptattoks 

The adaptations undergone by the bon?c are in their last analy¬ 
sis reducible to two things» the perfection of the incchaniam 
for food-getting and of that for speed, which constitutes the prin¬ 
cipal means of defense; and the influence upon the creature of 
these two groups of modifications is so great that the entire body 
shows specialisation and we cannot^ as in the elephants or in the 
human body, point to a number of primitive characteristics with 
a veneer of spccmli nation along certain narrow lines. Hence we 
may dismiss the consideration of archaic features in the home and 
pass at once to its gpeciali^sations. 

Body Contour,—^Many of the equine adaptations have been 
referred to in Chapter XIX* it is only necessarj' to summariie 
them with exclusive reference to the horse. In order to sreduce 
air resistance the body, neck, and head are smoothly rounded, with 
no needless excrescences and with perfect symmetry of form, so 
that a running horse with head exteoded and ears laid back con- 
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forms to the ^^nunierical" or stream-lines almo^ aa perfectly aa 
does a bird or even a fish. This same e^mimetry is seen in the 
limbs, long and slender distally, and with the powerful muscles 
bunched at shoulder and thigh where they blend more or leas udtb 
the contour of the body, the force being transmitted to the feet 
by long slender tendons. This ooncentnition of the weight high 
on the lega^ as we have seen, quickens their late of movement 
without diminishing the length of stride. 

Limbs and Feet,—The limbs themselves have departed widely 
from the ancient plantigrade gait of their primal ancestry and are 
unguligrade in that only the tip of the single toe, encased in its 
modified nail, is in contact with the ground; the wrists the scncalled 
fore knee, and the ankle, or hock, being raided tugb above the 
medium of support. Thus the lengthening of the distal limb seg¬ 
ments is obtained not only by the actual elongatioa of the bones 
themselves but also by their posture. The reduction of digita b 
extreme, the horse being one of the few mainmals which ever 
attained monodactyly, although the equivalent reduction in the 
artiodactyl or even-toed foot to the irreducible minimum of two 
has been reached aeveral times. 

This diminution of digits carries with it a corresponding reduce 
tion of the second bone of the lower segment of each limb, that bp 
the ulna of the fore arm and the fibula of the lower leg. In the 
former case, especially, this means a restriction of motion, for 
it is only by the combined action of both radius and ulna that the 
rotary movement of the Iiond upon the arm b effected- Only the 
proximal third of the ulna, which forms the great portion of the 
elbow joint, is retained. All of the limb joints with the exception 
of the hip and shoulder are of the tongue and groove variety, their 
motion being thereby limited to the fore-and-aft plane. Within 
the limits thus imposed, however, the range of movement is very 
great. The shoulder girdle b reduced, as in all cursorial types, in 
that the cla\ocIe or coUar-bone has disappeared and there is no 
bony connection left betw^een the shoulder blade and the remainder 
of the skeleton. This abo permits great freedom of motion in the 
limited plane. 

Lengthening of limbs implies a coordinate elongation of the 
neck and skull in contrast with the lack of such modification in 
the elephant. In general there is in a cursorial form a recognizable 
“speed index,” as indicated by the ratio of length to diameter in 
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the ILmb bones; and not only does this ratio hold for each of the 
several bones concerned in locomotion, but it may Alao be seen in 
the skull, vertehr®, riba, and other skeletal elements as well- The 
hoof which terminates the abgle remnining digit is a marvel of 
perfection; strong, of the right rate of growth to offset a normal 
wear, and with the ahock^bsorblng cushion or frog to guard the 
system from the great concusaon produced by the impact of the 
foot with the ground at hi^ speed. The perfection of the foot 
and limb to withstand such a diock is illustrated by the jumper 
“Heatherbiooin/’ a horse which held a record of 8 feet 2 inches, in 
which the entire weight of the animal, comidg from such a height, 
was repeatedly received on what is equivalent to the middle 
finger of the two hands. That the limit of such cv'olution has 
practically been reached, however, is evident from the fact that 
many a fine horse has been destroyed merely because a rutted road 
caused the fracture of a angle bone strained beyond endurance. 
Bone is a wonderfully efficient material and it is utilized in what 
is mecbanicolly the very best possible way to produce results, but 
with it vtity close ma^ of safety. It is this last, fact that makes 
further speed adaptation for so large an animal virtually impossible. 

Skull.—The skull La cburacteriaed by a large and w'ell-developed 
braui'Case, orbits completely surrounded by bone, and an elon¬ 
gated face, the purpose of which is twofold, firat the raising of the 
eyes as far above the ground as possible while grazing in order to 
increase the raDge of visioii, so essential for safety's aqd 

second to allotv room for the development of the deep-crowned 
grinding teeth. The elongation of the jaws separates without re- 
ductioD in their numbers those teeth which am concerned with 
the prehension of food—the incisors—from those whose function 
is that of mastication—the prcraolara and molars. Incklcntatly 
the gap or diastema thus produced forms a convenient place for 
the bit and thus aids in the subjugation of the creature by iwnn^ 
but thfe was hardly nature’s purpose, ’ 

Teeth.—There is a tendency toward tooth reduction for the first 
premolar, the so-called “wolf tooth," which is small and simple, 
is rarely present and soon shed, Tlien. too, the tuaks ur canines are 
rarely developed in the female, the upper ones never, although 
the normal male always possesses both. Ses characters are so 
rarely distinguishobJe among fossi] forms that the lower jaw of a 
Miocene horse (Jl/vrycAippaa) in the Yale collection, in which 
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Fio, — XtotpJ bittcry of aduH horse. five yesis dd^ permanent teeth 

^ in nse. Bp eight yoius oM, cmnns reducHi in len^h by 'wt&r and mots grow 
longer; vo^tigid first upper preoiolar (“wotf tooth") present. thirty-nine 
yeans otdp lower molars incline forwardp canine absent (rcmalie)^ jifn prt^ 
rodars 1-4; malars {After Cbubb4) 
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there is absolutely no trace of canineSp was 
at once hailed by its disooyeret as that of 
a mare. 

The incisors or cropping teeth are long- 
crowned and are^ with the single exception 
of Mflcrawc/tenui, a peculiar ungulate of 
the South American Pkistocenej unique in 
posscfssing a pithke depression or 
in the grmding face. This markp which ia 
worn away with use, is one of the best 
criteria of it$ poseasoris age. 

The three molars and three preceding 
premolarg of each jaw have become deep- 
crowned (hypsodont) grindiiig teeth^ hav¬ 
ing the form of slightly curved prisms 
strengthened by three buttresses on their 
outer^ convex face. The teeth are com¬ 
posed of the three materi^s w^hich char¬ 
acterize the elephant's tooth—dentine, 
eimmclp and cement—elaborately inter¬ 
woven when seen in cross-section. As these 
substances differ markedly in hardness, 
differeatial wear produces a characteristic 
-'pattern^* of the more resistant enamel 
upon the wearing surface. For a while the 


Fiq, 2l7.-Wcarinpaur- continue to grow, extending deeper 

facq or upper frinditig teeth and deeper into the jaw and at the same 


of horse, Eqtmt 
A, wcim surface of milk 
moleir of oatt about six 
mooths old; e, fxpMed 
enamsl ridges; v nsLural 
carity ia cement Bn un¬ 
worn BiirfaCD of milk molar 
of eoSt three months before 
birth; d, cul-de-sao to be 
later with oeEDcat; 
e, ciuimeh C, premolar of 
horw eight or nine yeara 
old. Natural rise- (After 
Chubb.) 


time moving slowdy outward to compensate 
for wear. Finally, at about five to eight 
yt^TS of age, the dimensional Umit of the 
jaw is practically reached, which of couw 
makes further growth of the tooth impos¬ 
sible, Then the roots are formed and the 
tooth ia completed. The outward move- 
mentj however, still continues, cancellous 
bony tissue filhng the gradually vacated 
sCKcket until the tooth is so nearly con* 
sumod as to be of no further eervi<^, when 


it is shed. The rate of growth and the outward movement are 
in absolute accord with the normal rate of wear^ aad the entire 
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tooth length b such as to last throughout the potential lifetime 
of the animah about 34 With its final consumption mal¬ 

nutrition results, which, coupled w ith other evndcnces of senility, 
summons the horse to its final rest (see Figs. 21 & end 217). 

Size. — ^Another equine characteristic is size^ for aside from the 
elephants, rhinooercKes, and hippopotamuses, the horse compares 
favorably with any tcrrestrifll animal, ijeing equalled only by the 
larger l>ovines, the cattle, buffalop and bison. This b of course 
especially true of certain domestic strains such ns the Perchcron 
homes, some of w^hich reach a shoulder height of 19 hands or 76 
inches and a weight of over 2,400 pounds. On the other band, 
the Shetland ponies are reduced in si^e, largely due to the harsh^ 
restricted conditions of their island home, but aided by selective 
breeding. The folloiiving comparative measurements arc given 
by Chubb for tw*o animab the skeletons of which he has most 
admirably mounted in the American Museum of Natural llbtory: 


IIcighE at ntiouldera 
Weight lire 
Bulk of humpTiig 
Bulk of fttuur 


GimU Draft HcTBt 
6 ft. I in. tlSi 
2370 IIh. 

118} cu. in. 

1S8 ciJ- in. 


2 ft. 9} in. {Si h^da) 
170 Jb^ 

Oi CM. in. 
eu. iiL 


Brain and Mentality.—The bmin is not only of considerable 
size but b of a relatively high t>T5e compared wdth those of other 
mammab, and b richly convoluted. The LutelligeEi^^ of the horso 
is great but not equal to that of the elephant. As compared with 
the cattle, on the other hand, the horse is much more intelligent 
and is able to keep out of trouble and care for itself under trying 
conditions w^hich may prove fatal to the former. The docility of 
the horse and ita ability to learn not only from its master but also 
from experience are notable. On the other IiamJ, it is emotional 
and its psychology is largely linked up wdth its normal mode of 
defense—flight—for the first impulse of a domestic horse upon 
seeing any incomprehensible thing b to run away, sometimes to 
its own and its owneriSi destruction^ In the wild state this same 
impulse in an unarmed animal is of the greatest possible value as 
a means of survival. 

Sonaes.^—All three of the major senses, sight, hearing, and smelh 
are well developed; of the threep hearing b perhaps of the least 
importance to a plams-dwcUing creature, just as sight is to one 
which is foresr bred. 
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Evolutionary Summary.—Briefly stated, the evolutionary obiogea 
which the anatomy of the horse wouJd lead us to predict are: 

Increase in idm. 

Letigthcning of the limba. 

Reduction of ulna and fibula^ with a cojiaequent limitation of 
the rango of movement. 

Change of foot posture from semi-plantigrade to unguligrade. 
Reduction and loa^ of digitus from five to one. 

Perfection of the hoof. 

Perfection of the dental batteiy in elongation and complexity 
of teeth. 

Premolars becoming sncce^vely molariform. 

That these changes are all recorded in the paJeontoIogicid record 
IS conclusive proof of equine evolution. 


Paleontology of the Horse 

Place of OrigoL-Wc have spoken of the simultaneous appear¬ 
ance of the modemwed mammals in the Old and New Worlds and 
the wn^iuent belief in their origin in same contiguous laud-iniisS 
which has been called boreal Holarctioa. What is true of the 
m<rfeniired mammals in Reneral is true of the hor^ b particuiar. 
although as yet it is incapable of actual demonstration The Lon 
don Clay, however, an Eocene formation of Europe, hsa produced 
the Old World’s most ancient kno^ cquiL wSe 
in the Weaatch rocks of wesleni North America, of nearly equiva¬ 
lent the earliest American genus, Eokippu,, has been found, 
These wo genera am very-much alike, but the premolar teeth of 
//|^o^mum,^^e.alIy the second one of the upper jaw, are more 
simple than m Eohippus, thus stamping the Old World t™ as ^'h^‘ 

most primitive horee-like form known. "™ 

Hoi^ are found from time to time in Europe and .Asia as one 
ascends the geologic column, but the sequence does not seem to he 
conrinuous it is in North America. Hence the inference that 

rhriw w"u r while 

the Old \Vorld horses were merely the relics of genem which 

migrated thence from time to time as barricre to d^persal were 

temi^ninJy lernoved. The earlier of there migrations, while in- 

ten^tmg, are unimport^t from the standpoint of the evolutionary 

continuity; had it not been, however, for the final P|iace.ne migri 


phylogeny of the horses 
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Fia. —Restoration of 

four-toed horw, EahippuM, 
Lower Eocene^ North Amjcr- 
Iea. (MtorLulL) 


tiori of the horses to the Asiatic and African continente mthin 
who^ fastnes^ they found asylum, their inexplicable extinction in 
the New World during the Pieistooene would have closed the book 

- - r progress forever, and we would see 

them only aa our paleontologic vision is 
able to pierce the gloomy curtain of the 
geologic past. 

Bocene, ^vera] generic names have 
been applied to the Eocene horses, of 
which Eokippws, the dawn horse, and 
Orohippa^, the mountain horse, are the 
best known American forms. The fimt 

r j Eocene fWasatch) 

formation, and the latter succeeds it in the Middle Focene 
Bridger beds. Both are from WyoniinR and New Mexico 

The ^cene was a time of warn, moist climate, during which 
North America was clothed with a 
Im^uriant vegetation, forests in which 
grew both evergreen and deciduous 
trees of a distinctly modem character, 
and, beside the numerous streams and 
lakes, sedgy meadows which in turn 
gave rise to grassy plains. Such was 
the etivironment of the first known 
horses which were already somewdiat 
advanced toward their evolutionary 
Igoal. 

Eoltipptis, the four-toed hem {Figs. 

218-220), represents the first recorded 
stage in equine evolution. It was a 
small but graceful creature, averagmg 
about 12 inches or 3 hands in height 
at the withers, the several species rang¬ 
ing in sire from that of a cat to a fox _ _ 

terrier, with arched back, short head f'aoY('B)Vr £oAt>^ Oniy^ 
and neck, limbs of moderate length, and aiae. (After Marsh, 

showing in the digitigrade character of 

the feet the beginnings of cursorial adaptation. In fact, the general 
proportions are much those of a dog such as the fox terrier or the 
whippet. The hand bore four complete toes, each terminating 



Pio, 210, ^Hand (A) and 
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ii hoof-like nail, with no trace of the fiidt digit or pollex^ while th^ 
foot bad but three, although vestigial rcmuaiits of the first and 
fifth are seen. The advance of evolutionary progress shown 
by tlie foot over the hand is 
teresting, for it shove's the foot to 
have been the main propelling 
organ and therefore the first to 
feel the Itifiuenee of cursorial 
adaptation, and it also shows the 
reluctant relinquishuicnt of gen¬ 
eral utility for tncre propulsion on 
the part of the hand. Both ulna and fibula, while slE?nclerj are 
separate and {Complete. The modem tapir has feet in much the 
same stage of evolution as were those of Eohippua. The dentition 
is aliK) advancing in that the toolars already begin to foreshadow 
their future com plication. The origineJly separate cusps are fusing 
into cross cresfflj and the fourth preniolars arc tending to become 
molariform. 



Fig. 220. —Upper teeth of Eohip* 
Sbort-nowned, no cenicnt, 
ffiolMS simpter and am&ticr th&n mo¬ 
lars. Natural sbe, (After Matthen^^) 


la OrohippuSj the second stage (Fig. 221)^ a further advance is 
indicated by the loss of the splint of the fifth digit of the foot, the 
slight increase of si^e of the middle and the shortening of the outer 
finger of the hand, and the further perfection of the moIar-lLke 
character of the third and fourth premolars. EpihippuSj from the 
Upper Eocene Uinta formation, goes yet further in that the third 

and fourth prcmolars are completely 
molariform. The digits of the liand 
arc stUl four, the outermost has 
diminished yet more hut is still 
functional; the digits of the foot are 
three, but the middle digit of each 
begins to be the dominant one. 
There is on the part of the Ebcene 
horses a gradual increase in sIm, the 
type skeleton of Or^hippm mounted 
at Yale measuring 13^ inches in 
height; Epihipptis, the third stage, 
was still larger, but the complete skeleton is as yet unknown. 
Epihippm may not be the direct ancestor of the know n Oligocena 
horses to be described. 

The known range of Eocene horses from Europe to New Mexico 



Fia. 221.—EGStonUioa of four- 
toed horse, Orohippwtf Middle 
Eocene, Wyoming. (.Alter LuU.) 
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speaka for their migratory powerSp always a ctmraeteriatic of the 
equine hordes. 

Oligocene*—The Ollgocene was a time of increased aridity due 
in large part to continental uplift, and while much the same con¬ 
ditions prevailed as in the 
EoeenSp there was a conse¬ 
quent dwindling of streams 
and lakes which gave im¬ 
petus to the development 
of broad meadow lands and 
of true prairie as well. Thus 
there were three conditionB 
—woodlatidj meadow's, and 
dry prairie—which seem to 

_ ^ ta'^e given rbe to several 

KestoraUcffiorttrefrioftiho™^ diverwat 

ita. (Afti:d: LuUO tvolution^ some of which 

, _ terminated, being overcome 

in the struggle for existence, while others ^ 

flourished and gave rise to the horeea of ] 

the Miocene. 

But two genera of Oligocene hors^ are 
recogniased, Mc^kippua and Jlf icAippiw, 
the fourth and fifth stages, the former 
one Lower and Middle Oligocene, the 
latter confined to the Upper Oligocene. 

Me^hipjms^ (Figs. 222-2^), which had 
attained the size of a prairie wolf, had 
three functional digits in both hand and 
foot, although a very short splint bone 
represented the fifth digit in the former. 

The middle toe in each uudance was 
much the largest and the lateral ones in 
consequence bore less of the creature's p. ^ 

weight. The shafts of both ulna and fibula foot 
arc still complete but are thin and slender, nlmrai 

bairdit the best known form, t^ftcr Mmah.) 
averaged about IS inches or 4| hands in height and was a slender^ 
limbed creature, veiy weU adapted for speed. Mesokipma in. 
termedius was larger, fully the aae of a coUie, averaging 24 inch® 
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or 6 hands in height^ and was in some unprogressive, whichj 
together with the eonditiotie under which it Ls found, may be 



Fkj. 224*—Upper tseth oF :VjreJH 3 Ai'ppEWr Short-crowned^ no cement, second, 
third, and fourth ptemolaK like raoEara Katurai abe. (After Matthew.) 


taken as indicative of a conser^'ative forest-dwelllEg form in con¬ 
trast with the progresidve plains-Uvingtj'pe- In all Oligocene horses 
the premolar teeth, with the exception of the amalb simplCj hist 


premolar^ are fully molanform. 
Miokippu^, of the Upper Oligo- 
ceue. is hard to distiDguish ftom 
M^ohippit^, except that the spe¬ 
cies average larger in size, 

Miocene.—The Miocene was a 
time of great continental eleva¬ 
tion and witnessed a wide expan¬ 
sion of our western prairies and 
a further diminution of the forest- 
clad areas. As a eonacquence, 
many browmng animals, well fitted 
for survival under former condi¬ 
tions, could not endure the change 
and perished, but the grazing 
typea, horses, camels, deer, and 
antelope^ adaptir^ themselves to 
the new conditions, throve and 
spread amazingly and became the 
dominant forms of mamuiaJian 
life. 

The Miocene horses were sev¬ 
eral, representing at least three 
lines of adaptatioDp two of which;, 
M^rychippus and Hipp^rioTit were 
to survive, while another, Ilypo- 
kippu^f was doomed to racial ex¬ 
tinction. 



Fra, 225—Hand (A) and foot (B) 
of bitjwaiaK barsc, epi- 

Tw. Miocen&t North Ameriea* On*^ 
fourth natural ase, {After Lull.) 
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The Lower iliocene horse, Parakippm, represents the sixth 
stftge, the older species being very mucb like Miokippus, while 
the later ones are almost mdiatingnishable from Merijckippus. 
It is therefore fully transitional. In Parahippus for the first time 
the valleya between the crests of the teeth begin to fill up with 
Cement fonned as a deposit of "'tartar** on the emerging portion of 
the crown. The amount of cement becomes progressively greater 
with the successive species. The lateral toes vary- greatly; in some 
they are nearly as well developed os in Miohippus, in others much 
reduced. 



Hffpohippux fFig, 225), known os the browsing horse, had broad, 
low-crowned teeth fitted only for browsing on succiilent herbage. 

The feet were thre<>-toed, which was 
equally true of all Miocene horses, but 
were distinctive in their broad spread¬ 
ing character, with well developed lat- 
^1 hoofs as tliough adapted, like the 
living caribou, to a soft yielding ground 
rather than hard prairie soil* In the 
hand, vestiges of the first and fifth digits 
may yet be seen as small nodules of bone 
at the back of the wrist. Thus in spite 
no. 22a.-LTpper attained the size of a pony. 

Jar teeth of jt/erjeAippiM, inches or so in height, the creature 
Upper M i 0 cen e, N or th was otherwise persistently primitive and 

to exist. A huge 

manent teeth. (Alter LuU.) <0™! liypohippus maUkeim, lately de¬ 
scribed from the Nebraska Pliocene, 
greatly e.xcceded the more typical Pypohippus eqttinm in size. 

Merychippus, the ae^'enth stage in the direct line (Figs, 226 
227), appears in the Middle Miocene and is of eapeeiai interest in 
that it marks the transition from the horse-like forma with short- 
crowned, uncemented teeth (hyracetheres) to the tnje horses 
whose bng-crowned, fully cemented grinders are suited to the 
harsh vegetation of the plains. In Merychippus the milk teeth 
are short-crowned and have little or no cement and are thus remi¬ 
niscent of its ancestry, while the permanent teeth are intermediate 
in length of crown and quite heavily cemented and are thus pro¬ 
phetic of the future. This is one of the most remarkable instances of 
the ontogenetic e^dence of evolution seen among the horses 
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Menjchipjm$ te three-toed^ in sopae justices with vestiges of 
the ontemtoat digits of the hand. The lateral toes vaiy Bome^, hat 
m the different specieSp though never reaching th& ground p so that 
while structurally three-toed^ the feet are functionally one-toed. 
The slender shaft of the ulna, which is free in the colt, is always 
fused with the back of the radius in the adult. The skull of this 
genus is the first in which the hioder border of the orbit la com¬ 
pleted by sending down^vard a bony bar to join the zygomatic areh. 



Fra. 227.—Roatoration of the Mioceno pimiie horsep M^r^ippm- 
(After Lull.) 

ProtoMppti^ and Flwhippui (Figs. 228^ 229) of the Upper Mio- 
eene and Pliocene are two closely nslated genera, in fact the 
diatinction between them is not alwaj'^ clear. It may suffice to 
say that Protohippus represents a form derived from MeryAippus 
but differing in that the milk as well as the peitnanent teeth are 
tnoderatelj’' long-crowned and cemented, and in that the hand 
and foot still bear three toesj while in PJioAippus, the eighth stage^ 
we have the fir^t one-toed horse, although in aaome species the 
laterai toes seem to have persisted. Fliohippus is also character¬ 
ized by having a peculiar pit or depression in front of the orbit 
which may have lodged a soent gland like the larmier of deer and 
possibly of similar function. The depressions sJso vary greatly in 
degree of development, so that they do not seem to have had an 
essential function. Fliohippue had a shoulder height of some 40 
inches or 10 hands. 
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Yet another Miocene horse was Hipparion (Figs. 230, 231), 
closely related to the two preceding geneni, from the former of 
which it is sometimes difficult to distinguish it. The folioning 
diagnostic characteristics are based upon a skeleton of Hipparwn 
whUneyi from South Dakota, preserved in 
the American Museum, " This species, ex¬ 
cept for the very large head, had the 
graceful and slender proportions of the 
antelopes, but in Pntohipp^ and espe¬ 
cially in Pliohijypus iLe skeleton ap¬ 
proached more nearly the stockier propor¬ 
tions of the modem horses. The Hipparion 
ajhitnepi is regarded by Professor Osborn 
as 6t^ to live in a semi-desert country, 
and in contrast to the flypohippus, is 
called the ‘ three-toed desert horae ’ ” (Mai^ 
thew). The argument for this belief is seen 
» in the highly perfected t«th, the pattern 
of whose enamel is in some instances more 
complexly infolded tlian in any other 
horse, doubtless an adaptation to the 
harshest of herbage. The splendid fleet- 
ness which the skeleton implies is corrob¬ 
orative evidence, 

HippQnim is another world migrant, as 
lU rem^ are found not only in Colorado, 
^ebr^ka, and South Dakota in great 

oae^toed liar^, Pliohipput Athens they are entombed /f£n- 
^ix. P3io«De,NtbnmkB. pori^n whiijieiji reached a hpwhf ^ 

One-fourth natuml eibc. inches or Ifl ri’ ^ 

(Afusr Lull.) “ ^l^PPfinongraalis 

!>.• i>r *’■* the shoulder. 

Pliocene.—Pliocene time was one of great unrest; conditions 

were becoming more and more severe, prophetic of the Glacial 
penod, new land-bridges arose where none had existed for aees 
and we find great consequent faunal interchanges recorded Itis 
not remarkable therefore that Hipparitm reached the Old W Id 

j^t as the true elephants made their first appearance in The 
New. 
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PlesippuSj the nitith stage, was fonncrly known from vtty 
fragmentaTy material^ but Ln 1924 Messrs, Matthew and SLmpeon 
found two skeletons at Mount BlancOp Texa3> that present almost 
every detail. The sise and general proportions are about those 
of the Arab horse but the feet are much smaller* The teeth are an 
advance over those of Fliohippm in taviiig a longer^ less curved 
eroviTip as in otherwise they are more Fimfttppwj-like. 

There is no trace of the lateral toe3^ while the skull is ^guus^likot 
having almost entirely lost the facial pits. 



PiO- 23®.—Restoration of the first one-toed horse^ FHohippm. (Aftar Lull) 

Another notable Pliocene event was the appearance for the first 
time in geological history of true horses in South Amcricap whither 
they went in company with the dibelcHdont mastodons. The South 
American Pliocene horse was Hippidion fFig. 232) ^ e’^ddently a 
derivative of Pr^iiohippus but differing in ha^dng short, stout rather 
than slender^ one-to^ feet* The teeth are like those of Pliohtppu$i 
but the skull differs remarkably in the extremely long, slender 
nasal bones whieh, together udth the great size of the head, must 
have given the creature a very peculi^ cast of eountenance. 
Hippidum^ which had attained a stature of 12| hands, lingered 
into the Pleistocene, where it became (hwhipplimm, a ermture 
but recently extinct if one may judge from the fresh-looking homy 
hoofs preserved in certain Patagonian caves* 
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The modem horse^ the tenth and final first appears 

in the Upper Plio<icne bccb of Em^ia and North America and 
represents the culmination of the race. The feet are one^tocd| but 

with wcU-developed splints of the 
second and fourth dij^ts still remain- 
In some individuals these are 
fused with the eannon-bone; in 
others they are free. The teeth aie 
long: columnar structures of intricate 
enamel pattern, admirably adapted 
to their owner's needa^ and the ani¬ 
mal baa attained the maximum stat« 
ure consistent with fiectue^. 

Pleistocene.—number of extinct 
species of Equi^ are recorded, prin¬ 
cipally from the Pleistocene of both 
^orth and South America and the 
Old \\ orld+ Of these the best known 
is Seott^s horse^ Equm scolti fFig* 
233)1 from the staked plains (Llano 
Estacado) of Texas. This species, of 
which a number of perfect specimens 
have been found, was discovered at 
Rock Creek, Texas, in 1S99 by an 
expedition from the 
American Museum of 
Natural Hiatory, 

Thirteen yeaiB later a 
party from Yale 

Fra. 230,—Hand fA) and foot ^^Pcned the quarry- 
(B) of tlifVfi-tcHid desert Jaorae, and secured several — 

l/l|J|Mrtd?^,Pttoomo,^onh Ame^^ tnor^ snerimenQ tooth of 

and tbo Old World. Or<s Tr !!■ pr, 

foimb natuml sue. (After Lull,) ''nicii (Pi. AXIV) ptgtocooe: 

is now mountctl in Lull-) 
the Yale Museum. It is of an animal about 15 liimds in heiaht 
ha>nnB somewhat the proportions of a western broncho but 
with a veiy laigc head and with teeth maUr than thc^ of 
a modem dmy horse, although very simUar in pattern Horses 
of this or related specie^ some smaller, others latter are ex¬ 
traordinarily abundant wherever the earlier PJeistocene' deposits 
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Tig* 23 ^—Refitoration of the one-toed Piampas horae, Hippidicn, Pleisto* 
cene^ Argentina^ (Eedrawn from Scott^) 

t^ecAint extinct not only in North but in South America as well. 
This apparently wm also true of Europe but in Asia and Africa 
the race found eanctuaiy% otlierwisc the horn would be included 


Pia. 233,—EeatoTfttioia of BqtiuM wAtL (After LuU.) 

with the mastodon^p ground-sloths^ saber-tooth catSp and a host 
of other splendid creatui^fl among the totally extinct. Glacial 
conditions alone seem inadequate to account for this great tragedyj 


are found in North America, and they evidently survived the first 
glacial advance, but shortly afterward, why we cannot tell, they 
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for Dot only did the hand of death bear heavily DpoD the e<juine 
herds withia the limits of the ice belt, but far beyoad, to the 
uttermost confiaes of the ivestcm hemisphere. That no permanent 
change of en^droainent occurred to render the earth unsuitable 
for these creatures is evident from the amaEing way iu which the 
few imported horses liberated by the Spanish Conquistadores 
multiplied aud spread, giving rise to the great herds of wild 
mustangs in both North and South America. We look naturally 
therefore for some other cause of extinction and the one of all 
thrarira tliat seems most plausible is the bringing in by migrating 
animals of insect-transmitted disease, such as the sleeping sickness 
of ^nca or the Surra disease which attacks domestic horses in 
India. A further discussion of this problem has been given in 
Chapter X\TI on parasitism and degeneracy. So far as we know 
now such an extinction cause is incapable of proof, unless it sliall be 
found that these diseases produce a recorded clumge upon the bones 
themselves, for of course the soft anatomy of fossil homes is utterly 
beyond our reach for direct study* 

Living Horse$.^SeveraI species of horereUke animals are yet 
alive m their wild condition in Asia and Africa, all of those of 
Europe and the Americas being either domesticated or feral that 
13, of domestic ancestry'. Of the true horses but one wUd tyie re^ 
mams, the Mon^Iian or Przewalski horse, the tarpan of the Gobi 
Desert of central Asia and the neighboring regions. It is a small 
ar^al, standing but 12 hands, of a yellow dun or “buckskin- 
color, with black mane, tad, and Ic^, and a white muzzle. There 
ifi no forelock, the mane is short and erect, and there is a decided 

beard beneath the relatively large head. 

At le^t three other primitive types of true honscs are limine 
under the fostering care of mankind, and thes: or an admixture 
of them constitute our various domestic breeds. Of them the Gnat 
is the Celtic pony-pale Lufif, mouse gray, or even brown with a 
la^ forelock and tuft beneath the jaw, a light colonxl mine and 
tail, but with a certain admi.xture of black haire. There is Iona 
bushy hair at the base of the tail. This horse is also chameterized 
by a short face, bmnd forehead, slender legs, and small hoofs and 
is found from Iceland t<s we;gtcm Xorvva_v, ^ 

The second form is the Norse yellow dun or forest pony related 
evidently to the Jlongolian horse, but larger, stockier, eiid with 
fuller mane and tail. In some instances there is a dark stripe down 
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the back and ttuces of barring on the legs. The face is longer and 
the hoofs relatively larger than in the Celtic horse. The Norse 
pony is the niain ancestral stock for the ordinary domestic horses 
of northwestern Europe. The changes may be due to domestica¬ 
tion or to the infusion of Arab blood- 

The last groat type is the southern hom or barb, the Arab or 
thoroQghbrod, Equua afrimnns. The color of this creature h bay, 
sonietinie^ with black poiiits and often with a whitfl star on 
the forehead and one or more white legs . It has a am all head and 
slender, graceful limbs, and possesses great docility and spirit. 

Near^ the true horse comes the kiang, Equus of central 

Mongolia and Turkestan. This creature is not an ass although 
ass-like in many w^ays- It stands lij hands, the cars are horse- 
like and the hoofs broad, espcciahy tn front. The tail tuft is 
large and there Is the rudiment of a forelock. In v^inter the color 
is grayish, in sumnier chestnut, wdth no striping. 

The aebras are exclusively African and are of course character¬ 
ized by a Very conapicuous striping when seen out of their natural 
surroundings. Thej^ are, nev'ertheless, generally reported to be 
protectively colored when in their appropriate habitat, although 
this is a subject upon w'hieh Cobnel Roosevelt had much to say, as 
he believed that the theory of protective coloration has been con¬ 
siderably overdra’^vii (A/nban Traih, Appendix). There are 
tw^o weU dehned species of zebra living, vrhile a third, the quagga^ 
w^as so recently exterminated that mounted skins may be seen in 
certain museums. The plains or BurcheU's zebra is somew^hat vari¬ 
able In the coloring but always lacks the cross-striped rump, the so- 
called ■^gridimn” of the true or tnountain zebnu The former is 
^tiU numerous, in fact it is said to be the second big game animal 
of the w^orld in point of numljers. The mountain zebni, on the 
other handj is becoming ek> rare that it is protected by law'. It m 
more nearly related to the asa and has longer ear^, narrow'er hoofs 
and a scantier tail tuft than the Burchell species* 

The ass, Hqum admits, is domesticated the world over, in fact 
its subjugation by mankind long antedates tliat of the horse. Asses 
are still wdld in tho tropics of Africa and are gray at nil seasons, 
with a dark back stripe. When ivild the size b medium to brgc, 
ranging from 11 to 12^ hands at the shoulder. The hoob are 
small and uarrow and the fore pair are no larger than the hinder 
ones. There arc two varietiesi the Nubian ass, which has a trans- 
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^oulder stripe, and that of Somali, which lacks the shoulder 
stripe but barring on the legs. 1'he domestie variety is tyoicat 
of the Nubian form. 


Horses axd Maj^ 

Mankind owes a profound debt of e^titude to the horse first 
m aavage days as an easUy obtainable food, later as a partner in his 
labors without whose aid human progress toward a higher civilim- 
tion would have been retarded immeasurably. It haa Ijeen tboUEht 
by some that the condition of semi-l>arbarisni of the North 4nieri- 
cm Indians, really a race of great potentiality, was in part due to 
the premature extinction of the American homes. 

There is uo record of the association of man'and the ertinct 
honsea of America, but dunng pretiiaforic times in Europe before 
the extinction of the mammoth, we find records of the ass^ciarion 
o the horse and man m the form of mumi decorations on the walls 
of caverna. It is interesting to note that at least three t™ of 
horses ^ shown by the Paleolithic artiste: one a small-head^ form 
i^mbimg m this regard the Arab of u>day, another laiw-hcaded, 
with the erect mane and beard typical of the Uving Przewalski 
hofsc, and a third which in contour closely Fcsembles the Norse or 
forest pony. The prepuce of bridle-like markings on the heid of 
one horse has b^n taken as an indication of domestication on the 
part of the prehistoric peoples. One finds, however, no trace of 
a drawing of a man on horeeback or other use of the animal as a 
beast of burden and the idea has been advanced that posaiblv be- 
wuse of Its extreme docility it may have been occasionally easier 
to lead home a captured horse to the slaughter than to carry home 
the meat. ^ 

One of the most remarkable prehistoric encampments not in 
Mvee but m the open air, is at SolutnS in Sa6ne-et-Loire Prance 
Here there was a fine southern exposure sheltered on the north bv 
a steep ndge. Encircling the south side was a kind of protective 
wall formed almost entirely of the bones of horees to the estimated 
number of 80,000 indidduals! Such a wholesale slaughter of 
course extended over a long period of time, but might readily have 
been an important factor in local extemination when aided bv the 
weakening effects of disease. ^ 
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CHAPTER XXXVn 
CAMELS 

The cameU are another group of animalB irhose phylogeny has 
veiy clearly demoastnited by the foasLl evidence, the perfec¬ 
tion of the record being second only to that of the horses. Add to 
this the fact that they are throughout almost their entire evoJnt ion- 
ary career exelusivdy North .Vniericau forms, and their title to 
a high place in our iijtcrt?st 13 complete. 

Place in Nature.—Aa the hotscs were representatives of the 
Periasodactyla or odd-toed ungulates, so the caniels belong to the 
other great group of hoofed forms, the even-toed Artiodactyla. The 
latter, now largely eliminated from the western world are still 
wmparatively numerous in Mrica and Eurasia, where at least 250 
extinct species are known as against 34 for the vVmericaa. That 
the Artiodactyla were formerly much more abundant, especially 
in North America, is forcibly brought home to every wUeetor of 
fossil vertebrates in the West. 

TJie principal points of agreement of aU artiodactvia are- the 
tois of the foot lies between digits three and four rather than within 
di^t three as in the periesodactyLs; hence the two digits one on 
either side of the axis, are synimetiical and the number two is the 
irreducible minimum. While there are normally an even number 
of digits, the pcccancs, Tai/assu, have three remaining in the foot 
and a five-toed ancestral artiodactyl is conceivable, for the oreo- 
donts retained a well defined vestige of the first digit of the hand 
Another artiodactyl characteristic lies in the astragalus the ankle 
bone which articulates with the tibia or shin. In common with 
tliat of the perissodactyls. the upper or tibial facet is puUev-shaoed 
but in the bttcr the distal facet is Eat, thus permitting no move^ 
ment between it and the suc^.^fcedi^g tarsal bones. In the artiodac- 
ty Is, on the contraiy, the distal facet is curved in such a way that a 
double tarsal joint is formed. This t 3 -pe of astragalus a very 
resistant bone, is an extremely common fossil and is absolutely 
diagriogtic of the group. ^ 
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The molar teeth are ijivariably ooe of two sorts or a combinatioQ 
of them. The crown either bear^ eooical cusps (bonoclontp Gr. 

hill, and 65ob^^ tooth) as in the sivine, or the cuapa are 
crescentic (selenodontp Gr. tf the moon)* the latter sort being 
typical of the cud-chewing 
forms of ruminants. Certain 
ancient types (anthraco- 
therea) had buno-selehodont 
teeth of a transitional charac¬ 
ter. The teeth may be shorts 
crowned or^ in the gracing 
ruminants, deep^rowned as 
an adaptation to abrasive 
food; they never, however^ 
reach the degree of perfection 
seen in the true horses. 

Artiodactyls are apt to 
possess weapons^ either tiiaks, 
which are modified canine 
teeth, or horns or antlers of 
various sorts and degrees of 
development, or rardy bolJi. 

A classification of the artiodactyls adapted from Romer is; 



FiOr ■2&4,—Fere feet of iw'tiodMtyk. A, 
pig, Sui xrafA; B ^ red deer, Ctrvm daphut; 
C, catedp To aliow 

progre^ivc rcductaou of lateral digits. 
{After Flower.) 


Suborder Suina (swine4ike) 

Family Suidffl (swine) 

Entelodentidffi (giant swine) 

Dicotylidse (peccaries) 

Hippopotamidie (hippopotami) 

Suborder Ruminantia (eud-chewera) 

Family Camelidffi (camels and llamas) 

Oreodoptidsc (oneodonts) 

Infraorder Pecora (true ruminants) 

Family Cer\dda& (deer) 

Giraffidae (giraffes) 
iVntiloeapridffi (prong-bucks) 

Bovidae (antelopes^ sheep, cstde, etcO 

Thus it will be seen that the camels occupy an intermediate 
place within the order; they are, how'^everp an isolated groupp as 
their connection with the others is not yet dear. 
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Camel Characteristics.—The eharactcristics of liviag camels 
ate as foUows: The limbs arc long, and two-toed; the meta- 
podialSf which ate fused to form a cannon-bone, diverge di^ 
tally, and the keels which ser\'e to restrict the lateral moveineiit 
of the digits in other forms are here very limited. Hence the 
secondarily digitigradc foot is yielding as an adaptation to desert 
sands. The feet are, moreover, provided with one or two cushion- 
like pads, hence the name Tylopoda (Gr. 7^X17, cushion and wods, 
foot). The stomach is threc-chambered; there is a primitive type 
of placenta; and the red blood corpuscles are elliptical instead of 
circubr in outline, which makes the group absolutely unique 
among living manLmaJs. 


Living GtiXEEA 
Camelu^ 

There am but two living genera, each of which includes a like 
number of s^ies—four altogether cjftant^one, Comeltis, being 
confined to the Old World, while the other, LoTna or AwcAcnio is 
charactemtic of tlie Nciv. * 

The two s^ics of camel are Cowciw di-^cduriita, the one¬ 
humped ^biait camel or dromedaiy', and C. baduanus, the two- 
humped Bactnan camel of central Asia. The two species will 
interbre^ and the consequent hybrid or mule camel possesses 
the one hump of the dromedary and the brown shaggy cc«it of the 
Bactnan parent. The progeny of a male Baotrian and female 
Arabian camel is preferred to either of the pure breeds 

The camel hiLs rightly earned its name of "ship of the desert " 
tor pmttMy J it, pMulomli« .ro but uu .rfapiiv, 
to tk haiA euudltioiiu of thit inhospitable cutHromnent Mauv 
of these adaptations have been mentioned in Chapter XXIV but 
they must be reviewed and brought together in order that the 
evolution of their owner's ancient Uncage may be better apnie- 
ciated. Asm the ho^, two directions of adaptation stand out 
sharply—that of speed, ever a desert requisite, and that of teeth 
for the harsh and scanty herbage. The other characteris^^; 
horse does not possess, for they are the direct outcome of desert 

llfCr 

Speed.-^rsorud characteristics arc weU showm ia the length 
of limb, reduction of digits, of ulna and fibula, and in the limitatten 
of the range of movement of the limb joiatg. The feet how’ever 
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have retrogrie^sed in tiiat they arc no longer unguligrade but 
digitigracle, for almost the entire length of the phalanges, except 
for the mterv'ening pad^ lies flat npon the ground. The hoofs are 
reduced to aail-like structures and the whole yielding foot, with its 
absolutely silent tread, is admirably designed to support the ani¬ 
mal on the shifting desert sands. The foot retrogression somewhat 
diminiBhee the extreme length of limb, but this is to a certain 



Fiq. 235.—SkdetoQ with bodily outliao of tamol^ Camdut dromadmus. 

{Aiter P^Dd&r and D'Alton.) 

extent eompenaated for by the fact that the thigh b freer from the 
body than in other ungulates and thus the length of stride ie 
increased. 

Teeth—The teeth of the camel have suffered a reduction in 
numbers, to 34^ instead of the normal 44. There is but one upper 
incisor left on either side and it is more canine- than inciBor-like, 
The lower incisors, on the other hand, are all present, more or 
less spatulate and procumbent, and the canine is somewhat similar 
and functions as an incisor. Behind the canine comes a short 
diastema and then a recurved, tuak-Iike premolar which has as¬ 
sumed the discarded form and function of the canine. This is 
followed by a longer toothless area, and the four cheek teeth—the 
fourth premolar and the three molars — form an efGcient compact 
grinding mechanism, of long-crowmed but, as compared with the 
horsei relatively simple teeth. 
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Hump.—Tht hump which forms so very charactenetJc a camel 
feature consists of a conical mass of gctatinous fat when the anLoaal 
is well fed, is nourUhmeiit stored against a time of scarcity, and 
can be drawn upon during the passage of the desert, Whether or 
no any of the extinct camels possessed such an organ we cannot 
tell, as it is entirely superficial and leaves no impresaioa upon the 
skeleton, Tho hump becomes fiaccid and falls over on one side in 
an exhausted camel. 

Water Reservoirs.—Another desert characteristic is the do* 
velopment of water reservoirs in the walls of the stomach (properly 
the paunch or rumen). These are small flask-shaped cavities, 
each with a eonatricting muscle at its mouth, so that when the 
stomach is filled with water the muscles relax automatically, allow¬ 
ing the water to enter the cavities, while that which remains is 
absorbed into the system. In time of water scarcity the stored 
IiQuid is allowed to trickle out into the stomach and is thence 
available for the impoverished blood. 

Senses.—The proud carriajse of the head, which is held hori- 
aoptally some nine feet from the ground, protects the eyes from the 
reflected heat and the eyes and nostrils from the sand. The sense 
organs are still further protected, the gyea by long kshea, the cars 
by hair, and the nostrils by being closable, like eyelids. The ersa- 
ture is keen of sight, but wliat is still more necessary, the sense of 
smell is vary well developed ao that water may be detected a long 
way off. 

Mentality.—Mentally the wild camels arc sagacious, os the 
brain is large and well convoluted, but the domesticated ones sr^ 
so stupid that their bad traits are notorious. 

Thus PalgravB observes (in Tlower and Lydekker): «lf docile meaM 
stupid, well and good; in such a caw the camel is the very model of docil 
ity. But if the epithet is intended to designate an animal that takes an 
interest in it* rider so far as a beari can. that in some way andcretands his 
intentions, or shares them in a subordinate fashion, tiiat cbeva from a 
sort of subinLiaive or half-fefiow feeling with his master, like thVhoree or 
elephant, then I say that the camel is by no means doefle-^very much the 
contrary. He takes no heed of his rider, pays no attention whether ha 
be on Ins back or not, walks straight on when once set AEoiijjr merriv 
because he ia too stupid to turn aside, and then should some teniDtina 
thorn or green branch allure him out of the path, contimieg to walk on in 
the new direction simply because he is too dnU to turn back Into the rieht 
load. In a wondj is from first to la^t an imdomesticatod M\d 
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animal, rendered BCTTiceable by stupidity alone, vrithout much skill oo 
bis master's part, or any coopefation on his turn save tfiat of an extreme 
passiwncss- Neither attachment nor even habit impress Jiim; never tamfij 
though not wide-awake enough to be exactly wild.*’ 

As beasts of burden, however, camels are entitled to respect, 
as one can carry 300 to 800 pounds, and their endurance is phe¬ 
nomenal, the Arabian breed known as the “Heine" camel travel¬ 
ing from 125 to 150 miles a day for eight to ten days at a time. 
The diatanoc from Tunis to Tripoli is 600 miles, yet a single camel 
has carried over that route a burden of rider and gear weighing 
not less than 250 pounds, in four daj-s—an average of 150 miles a 
day 1 

Uses.—Ahve, camels are used as beasts of burden, for their milk, 
and for the shed hair which is spun and subsequently woven. Dead, 
the flesh is used as food, the hides for leather, the hah- for fabrics, 
and even the bones are utilized. Their importance to mankind, 
especially to the nomads of the East and to traders between great 
cities, can hardly be estimated. Necessities of war have developed 
means of desert transportation in the form of tractors and other 
motor vehicles, as well as airplanes. To what extent such machines 
will be used to aid travel and commerce in time of peace remains 
to be seen. With nomadic peoples, however, who do not care for 
Or possess means of mechanical transportation, the c ame l must still 
be highly important. 

It is interesting to note that, while the .American Museum 
expeditions to Mongolia ha'i'e an adequate fleet of motor cars, 
they also have a supporting train of camels, which carries in gas¬ 
oline and other supplies and brings specimens out. 

There are wild camels in remote Turkestan, the desert of Lob- 
nor, and in Spain, but some are certainly fend, i. e. of domestic 
ancestry, and all are probably so, as there are ruins of ancient 
cities in the .Asiatic portion of their range of which the very tradi¬ 
tions have vanished and to whose departed citizens the ancestors 
of these camels may well have belonged. It is highly probable 
that they have not existed w ild for thousands of years. 

The area of servitude includes .Arabia, Persia, India, all of the 
country from North Tartaiy to the confines of China and the 
coast of the Penslan Gulf, and the Canary Islands and Africa north 
of the Sahara. There were none in Africa, however, until the third 
century of our era. Attempts to nnturatize them in Australia and 
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North America, have been madc^ btlt the bek of success m Americs 
not been due to the climate or other ph^’^ical conditjoiis of 
their aoce^tral home^ but rnther to thdr unfavorable reception 
by the Americans, who greatly preferred the highly serviceable^ 
clieapcr, and more tractable burro. 


Lama {Auchenia) 

Characteristics*^ The South American genus, Latvia 
chenia) (Fig. 235), includes two wild species, the guanaco, L. 
Auanocus, and the ^dcuAa^ L. pfcwttuij and their domestic deriv* 




FlO- 2S6.—Gu&aaeOr 
aoiSf livlujCh iSqntti America. (After 
Scqttd 


afcivesj the Llama and alpaca. These 
creatures are of much smaller stat¬ 
ure than the camel and lack the 
characteristic hump of the latter. 
The feet are narrow and the toes 
more distinctly divided^ with two 
pads beneath instead of but one* 
The hair m wooUy as a pioteetion 
from the cold of their mountam 
home, for instead of being adapted 
to sandy dtsert conditionsi al¬ 
though their stnicture shows a 
dc^rt an^etry^ they are upland 
animals^ which may well account 
for their attainment of South 
xAmerica along the isthmian land- 
bridge^ to the exclusion of the 
true catneis. 


Range.—The Lama range is along the west side of South Amer¬ 
ica from the equator to Cape Horn. Dom^lcated, they have 
their uses similar to thc^ of their iVsiatic cousins, as beasts of 
burden, and for the flesh, hides, and wool. ITiey have the distino- 
tion of being America’s only contribution to the list of mammals 
domesticated by mankind, but although their local importance may 
be great, they have by no means contributed to hunmn progress 
and well-being to the extent that the camels have. 


EvoLunoN^AHT Ciu^raES 

These are m a way comparable to the changes undergone by the 
horses, with the exception of the secondej^- retrogression of the 
feet. To summarize briefly, the change^ are as follows i Increase in 



613 














































614 


ORGANIC EVOLUTION 


staturs froiii the size of & western Jack-tiabbit to one much greater 
than the huge Baetriaa camel of today. Loss of bternl digits, of 
which not the least vestige remains. Elongation and fusion of metap^ 
podials to form the very characteristic, (list ally spread cannoii' 
bone. Retrogression from ungdigrade, deer-like feet to digiti- 
grade, broadening of phalanges, development of foot-pads with 
the coming of desert conditions in the Pliocene, reduction of num¬ 
ber of teeth, elongation of teeth in the grazing phylum (see Fig. 
237). 

PhylagmM 

North America is, as we have seen, the evolutiooaiy home of 
the camel family, and, as Matthew (iOisj says, “Its ancestrel 
stages can be very fully and exactly traced in the western forma¬ 
tions, as far back as the Upper E^xsene, below which they are 
merged with the ancestiy of other groups. They are unknown in 
any other continent until the Pliocene, when they invaded South 
America and .Asia and .Africa, surviving in those continents today, 
although extinct in North .America since the Middle PleLstoocne." 

Why the ancestral camels failed to migrate to the Old World 
^fore the Pliocene, when the horses repeatedly made the journey, 
is somewhat obscure unless, as Matthew (1915) attain aigpfmfa, 
their center of radiation was further south, for, as he saj-s, “The 
center of dispersal would appear to have been in this continent,— 
bow far to the north we have no means of estimating j but the 
ceptioaal directnega of the phylogenetic series as represented by our 
western fossils inihcat^, in my opinion, that these fossUa lived in 
or close to the racial dispersal center." 

Eocene.—Camels are unknown imtil Upper Eocene time when 
the first possible ancestor of the line appears in Friify/opus (Fig. 
237). This small creature was no larger than a jack-rabbit, and 
had 44 teeth, those in each jaw forming a continuous seric®, the 
canine being only slightly enlarged. All of the molars were low- 
crowned. The skull with its narrow face suggests that of the 
existing forms, but the boni orbit was incomplete behind The 
fore limbs were coiiaiderably shorter than the hind so that the 
back sloped upward toward the rump. The ulna was entirely 
separate from the radius and the fibula was complete. The hand 
bad four functional digits but the lateral toes of the foot were 
greatly attenuated although still complete. Protyhpus is from the 
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Mesozdc cr <ir AeptlUs Hypcdi ril col fl»g4ogd Ancestor 


Fia. 237.—Ctiind evotution aa indicated by the akuU, fast, and l«lh. 

(MocMed after Scott.) 
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UibUetage and is thus oontempomudous with the horse Epihippus, 
to wMch it is t!Ciini{>a^rable in degree of evolution. 

Oligocene.—^During the Oligoccne, camel-likc animals incieased 
in numlH-rH so that they must have been a I'cry characteristic 
though rare element in the fauna of that time. This is especially 
true of Po^rothenum (Figs. 237j 23S), the remains of which arc 
abundant in the “Big Bad Ijuids" of South Dakota, whence 
they range aemss Nebraska into Colorado and west to the John 
Day valley of Oicgon, As Profylapus parallels Epihippus, so 
Po^ofAertum lescmbles the contemporary Mesohippua in the de¬ 
gree of its evolution. Po^rofAeri«JB, like ilfcsDAtp'pua, attained the 



stature of a sheep, 
- but the former was 

more lightly con- 
X'vWT^'' -v Btructed than the 

ff sheep, with lela- 

tLI ^ iAi longer limbs 

/ V and neck and with a 
y Y amali tapering skull. 

V \ Jt teeth are stm 

W V Iff forty-four as in Prs- 

H V jj fj tylopua and the in- 
ft ] I jJ ebors and eanmea 

” ^ " a ar® more tj'pical of 

Fio. 1233.—^lornUon of fuicedtral cumcl, P«i- mammals in general, 
braUimum lobwtum, Micldlo and Unper OliBOtttnt nyv* 4.r,» i i. 

North Aucriin. (Rosstared train a skeleton in the ^ the procumbent, 
Ambenrt College Muiieuii].) spatulate structures 

on. - I' * ..L f .1 . cametoids. 

^e gnndmg teeth of the upper jaw are short-crowned, wliile the 

lower molara have begun to elongate. The jaws are verv' slen¬ 
der. The limbs show a marked {Ugitol reduction both in the hand 
and foot, m that small nodules only are present os the last \cstigea 
of the lateral toes. The ulna has coalesced with the radius and 
only the two ends of the fibuia remaim The hoofs are dee^Iike 
The Upper Oligocene Protomeryx differs from Po^rotharium 
mainly in the complete encircling of the orbit by bone. 

Miocene.—During the Oligocene there began an initial diver¬ 
gence into at least three phyla which became well-defined groups 
during the Miocene, paralleling once more the equine evolution 
Of these the grazing camels, which were the main line UaA.r. ^ to the 
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modem represeiiUitives of the race, mdude the Lower Miocene 
Prolomeryx and the Upper Miocene Procamelus. 

The former, Pfotomei^fx, stih possessed the full quota of teeth, 
but the grinders show a decided deepening tendency as an adiipta- 
tion to the abrasive grasses- The feet bad two digits and possessed 
pointed hoofs like those of the deer. 

In (Uig- 337) we find the first tooth reduction, in 

that the first and second upper incisors are lost in the adult stage. 
The feet have advanced, for the metapodials are beginning to fuse 
to form the cannon-bone. The first desert adaptation is shoi,™ 
in the foot bones in this genus which imply the presence of a padded 
foot. la sLse Pj'Ocdflw- 
Iits must have exceeded 
the dimeosioos of the 
modem Uama. 

A very ootable 
sil locality in weatern 
Nebra^ska, of Lower 
Miocene age,, has 
yielded a large nuinberj 
£ome forty or monSp of 
a deader camcHike 
form known ofl $ieno- 
tnylu^ (Fig. 239)^ the 
gazelle-cameL delicate 
in its propertioos and much amaller than any of its ociatempo- 
raries. Its Oligocene ancestry has uot yet been traced aad except 
for the early Pliocene R^omylus, the mfereaco la that the Line 
soon became extinct* It has aa appareat anomaly in its dentition^ 
as there are ten incisor-like teeth in the low'er jaw, six true incisors, 
and ia addition the canines and first premobra which have as¬ 
sumed a similar form and fiinction^ The loW’^^rowmed molars 
imply a browsing habit. The head is sroaUp the neck long jmd 
delieat^y built, and the limbs and feet extremely alendcfi with 
veiy thin-walled bones« There arc but two toet on ^ch foot 
and the metapodials are not fused. Apparently fleetness vias 
SieTumyln^' only defense, which may have accounted for its 
brief racial earecr^ The knowm specimeas, of which a group of 
tw^o iadividuals is mounted at Y ale, are almost without exception 
from a single quarry, where they occur in profusion, some dis- 
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membered, others in completely articulated condition as though 
the carcasses had drifted downstream in time of flood, to be caught 
in the backwater of some large cove and buried by sediment This 
is in accord with the beUef of the discoverer, Profeasor Loomis, 
based upon anatomical grounds, that St^nomylu^ was an upland 
form. The only associated remains other than those of the eamd 
found in the quany pertain to a large wolMike creature known as 
Amphicyim {^Daph^odon) superbas, probably one of the forms 
which preyed upon the camels. 

The name giraffe-camels does not imply relationship with the 
giraff«i, which, so far as known, with one exception have been 






sively to the Old 
World, but is ap- 
pliod to creatures 
which from com¬ 
munity of habit 
eonver(?ed very 
strongly toward 
the existing giraffe 
in aiac and propor¬ 
tions. Two Mio¬ 
cene genera have 
been discovered 
which pertain to 
Fis. 240,—GSjELffe camci, OxydiKiyhijf, MiocHhe ETe- family, and in 
bi^ sad Wyoming, {ATUs Scott.) ' the aberrant Oli- 

^ m I^pu. 1 , th. lirst, 

Lower ItmcM tbc reprtMuUtiv. Is Ocydaelulw, (Fig. 240) re- 
of wtasb tovs bMO collsrtsd to oasts„, Wyomtog Kid wsst- 
yn Ncb^kd. -rw form is muck smsllcr ttom its successor 
AUuametja, and has a shorter neck aad limbs. The mctapodiala 

I ? ‘I’'’ ‘“ft To^srp. 

pointed add dccr-l.ke, oath llllie indication of the sandodlap^ 

eronmei “at.'.3’’* are rathershort- 

cronmed, as though fitted for browsing rather than for gjastog 
aod they are yet 44 in numbet-e 


of the late Miocene and early Pliocene, although 
clearly derivable from OTydactylus, U much further advanced hi 
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more than oii& way, for we find that the feet show the same desert 
adaptation that its contemporari^ of the grazing phylum do— 
caiiDOD-boDe, depresssed phalanges^ and mdicatiori^ of pads —a 
remarkable instance of convergence, the like response of tinreJated 
phyla to a similar cUmatic change- was a vety large 

animal, although the head waa smaTI and the teeth, like those 
of ita predecessor, are low-cro\raed. The neck and limbs are very' 
long as in the giraffe and were probably, as with the latter, an 
adaptation to permit the animal to browse upon the otherwise 
inaccessible foliage of high and thorny shrubs like the x\friean 
mimosa, whieh forms the staple of giraffine diet. But while the 
result of this remarkable convergenoe was to produce tbe same 
efifectivenesa for such a method of feeding, the way in which it was 
brought about was not the same^ 

Pliocene and Pleistocene.—Pliocene camels belong to the main 
grazing phylum and are the direct descendants of the Miocene 
PrommeluSf from which they hardly differ at all. The Pliocene and 
Pleistocene camels and E^hati^ts are not very well 

knowTi, owing largely^ to the fragmentary character of the material 
thus far coDected^ w'ith the exception of fine skeletons of Camelopd 
hesterniis from the Rancho la Brea (PL XXY}. The Pleistocene 
camels, however, were very numerous and future discoveries are 
sure to bring better specimens to light. Not all of the Pleistocene 
forms are true camels in the sense of being like those of the Old 
World, but are eameloid creatures, possibly more llrnna-like in 
appearance. Some of them attained an enonnous sLae, aa certain 
bones preserved at Yale are half again as large as equivalent ele¬ 
ments from a Eaetrian camel. 

Typical camels, of the genus CametitSj differ from Proaimelii^ 
in the further loss of one premolar in the upper and two in the 
lower jaw^j and this genus is apparently'^ the first to brave the cold 
of the northern route and pass to the Old World, presumably by 
way of the Bering land^bridge, for we have the first recorded re- 
mains of it in the famous Si wall k formation (Lower Pliocene) of 
India. The two Indian species of Camelusj C. siualensts and C. 

show a peculiar tooth character found in the New World 
llamaa but lost in the living camels, indicating that in some re¬ 
spects the New World types are the more priinitive. Fragmentary 
Camelu^ fossils have been found in the Pleistocene of southern 
Russia and Roumania, and in Algeria not far removed from the 
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living habitat of the rMje. The extinetiofi of the North AceencaQ 
camels is as mes^pUcablc as that of the and may well have 

been due to the same unknown complex of <^use8. 
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CHAPTER XXXVm 

SOUTH AMERICAN MAJVIMAL RADIATION 

The South American fauna presents an extremely in t cresting 
example of what irtay happen in a large and varied area during 
a long period of isolation. The cootiiieDt of South America k to¬ 
day^ owing to the existence of the Panama Canal, entirely isolated 
by water from the rest of the world. So it was for long periods of 
geologic time, due of course to natural causes. As a consequence 
there devdopedj during these periods of isolationj a most amazing 
local fauna, the members of which differ markedly from the more 
familiar creatures inhabiting the rest of the globe^ 

Paleogeography.—Not only is South America vast| extending 
as it does from 10 degrees north of the equator to 55 degrees southj 
but it varies greatly in climate as a consequence of its latitudinal 
mnge, as well as its topography. Moreover^ it b so completely 
surrounded by water that its Lsolatiou by the forces of nature was 
most readily accomplished. Of the former land connections there 
have been several opimonSp but the authority of Charles Schuchert 
b taken as finaln for it b backed by years of the ino$t painsttiking 
accumulation of data and by very judicial interpretation. 

Three possible lines of communication have existed in the pasti 
that with North America.^ though not necessarily by way of the 
present Panamanian isthmus? one from the southern extremity to 
Antarctica and thence to Australia? and the third across what is 
now the South Atlantic to Africa. 

The evidences of these old-time connections ore in part geologi¬ 
cal but more largely biological and paleontological and are based 
upon present and past distribution of animob both by land and 
sea. Manifestly similar and closely related terrestrial animals^ 
vert.ebrate or invertebrate, normally incapable of overseas migra^ 
tion, point to the existence of land-bridgra as migrator>^ routea. 
The same b true of strictly fresh-water fishes. Marine creatures 
whose home is on the continental shelf canj on the other hand^ only 
migrate where shores are continuous. Thus, where Atlantic and 
Pacific marine animals are similar, it points to aquatic continuity, 
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by way of a atrait or other body of water, and therefore to the 
absscncc of land connection, whereas disaimilar marine forms imply 
land continuity, which W'outd of course 6er%T as a sea barrier. It 
is by the accumnlution of evidentej) such as these, not only in 
existing but in fossil forms, and by the careful plotting of the 
occurrences on successive geological maps that the old-time shore 
lines are indicated, for they must lie somewhere between the points 
of occurrence of land and marine animals of contemporary age. 

The evidence may be summarized as follows: 

Betwwn the Americas there was connection during the Mesozoic, 
broken in Eocene time {Upper Eocene, according to Scbuchcrt; 
Matthew, however, says Paleoccne, otherwise the carnivores would 
be creodonts and not marsupials), reestablished in early Pliocene, 
and practically continuous until the present day, except for the 
canal. Thus the period of isolation lasted during part of the Eocene, 
all of the Oligocenc and Miocene and into the Pliocene, a duration 
of perhaps fifty [mllian years. 

After its rG^tablihluiioDt m the PlioceQe the land-bridge u'as 
evidently much broader than the present Isthmus of Panama, but 
soil had to form as a result of rock dUintogration, and the estab¬ 
lishment of v^tation had to precede the migration of terrestrial 
mammals, which in the long run depend upon the plants for food. 

With Austmlia via Antarctica the communication, if it actuaUy 
existed at all, was again an ancient one and was also severed very 
early in the Eocene and has never been reestablished. The 
was apparently also true of the African connection. Evidence 
speaks of the eidstence of a vast equatorial continent, extending 
from South America across the South Atlantic to .Vfrica, and again 
to India, tlie East Indies, and Australia, including part of what 
is now the Indian Ocean, Thb great area Las been named Gond- 
wanaland, and, while its former existence is denied by good author¬ 
ity, the evidence for it is strong and well founded, Some question 
has arisen as to the date of its final severance, but Schuchert’s 
belief is that it b^an to break np toward the close of the Creta¬ 
ceous, so that by Tertiary time all chance of migration by this 
route had ceased- Matthew's argument also holds here. 

These old-time connections of course afforded paths of migra¬ 
tion for terrestrial animals, both vertebrate and invertebrate and 
from some one or more of them must have come the anc^^m 
of the peculiar South American fauna, except such elemente as 
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were strictly native in origin. The edentates among mammals 
seem to be the only order which can be referred to this latter 
group, however, as they aione show po affinity with apparently 
ancestral forma elsewhere in the world. 

Geological Succession.—^The following time table of South 
American strata is modified from Scott. 



F^riodjs find Epochs 

OKfimflTUM 

ParjThMoic 

Quatenmry 

or 

Poai- 

GlAcial 

FidatChDeDe 

{QUlcM) 

FAmpean 

' Pamjjsa of AT^ntin^ 
alw Equador Brnsil, 
Chilep Bolivia 

^ Caverns of Bmxil 


' Pliocene | 

r Monte Hennoao 
OAtamarOA 
[ Famna 

E^ttfflsave areas 
m Patagonia. 

Some cjetend mtxt 
Tierra del 

Cenosoit; 
{Tertiary) ' 

1 Miocene | 

0%Doene | 

f Santa Crux 

[ Patagonia 

f Dcffi&do (^yrottienum bedB) 

[ Astraponotua beds 


Eoceno 

PajecM^eaifl 

C&aa. Mayor (Notoetylops beds) 

Mesoioic 

Cretaceous 




Scott aummarizea the successive boriaons as follows: 

Paleocene. There are no marine Paleocene rocks, hence the infei^ 
ence is that the continent was largely emergent. Connection with 
Africa (Gondwanaland) may have continued into this epoch, but 
probably was aeverctl during the Cretaceous, Hence the difficulty 
of deriving the South xtmerican mammals from known African 
orders, such as the Hyracoidea and Proboscidea, as some have 

argued. jf . ' * 

There is evidence, although questionable, of the existence of 
the Antarctica-Australian bridge, which might account for the 
remarkable similarity between Australian and South American 
iYii» x=n piak The South Polar region could not have had bo severe 
a climate as now, or passage across it, even were the laud conuec- 
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tiojtLs existent, would not have been posable, Codiinimicatioa 
Viith the Eurasian contineat was probably roundabout, by way of 
North America. 

Eocene. During the Eocene, North and South America were 
completely severed, apparently acrosa CosU Rica-Panama, and 
there was apparently no connection with any other continent. 
Isolation was complete. Connectian with Australia, eeema higblv 
improbable, otherwise there would certainly bo placental roan^- 
m Australia derived from South America. Were such animala 
formerly existent they have utterly died out, leaving only the 
monotremea and maraupiala Usually when the two groups, 
plarontal Md marsupial, are in competition, it is the marsupiats 
^t penah. (^r knowledge of the relative organization of the 
two groups makes this the only understandable result. 

Duimg Eocene rime the .^ndes were much lower than at pres- 

ent Their height in the south was probably attained not 
earlier timn Pliocene time. 

OH,^ PajeogeosmphciB believe Umt the Greeter .4«tUIee 
were breezy reto . eoremoe laed mere fare™ as .tnlillia, 
wbidi exuW durreg most ot the Eoeene but, due to great sub- 
mergerew durmg late B*eno aud Oligeteae. was broken up 

L^ilTe^hl Tu "" Create? 

AntilJe3--Cuba, Haiti and Santo Domingo Puerte 

At all events, the Oligocene was for SouS'.Se^ 

to be sure of the relative 
age of ^e D^o fo^tion, for instance (see tabJe), as direct 
comparison ^nth the Oligocene mammals of North America or 
Eura^ cannot Ik made, there being no forms in common. 

Miocene. During the Pliocene, connection with North America 
was i^stabliah^, but as we have seen, migrations 
Mimals followed slowly, for more than mere closing of a wa^r 
bamer is necessary; hence the fauna of the Santi Prt,^ 
tto lu the fur roulb ta stib ruHrel, a .retire .vulultoa, with??? 
known immigrant phase, such as appeared in the Pliocene This to¬ 
gether irith the marvellous abundance and perfection of the fossils. 

of which are those of a^sapparently buried alive in winS 
terne volrenic makes the study of the JSanta Cruz fauna one 
of the most mterestmg and profitable of aU. Matthew says that the 

re^on ^ the appearance of Megalonpz in the Lower 
Pnocene of N orth America. 
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The Patagonian stage is marine^ as the region was submerg)ed 
beneath a shallow epicontinental sea- The finding of Cetacea 
(whales) in the Patagonian strata comparable to those in the 
Maryland Miocene establishes not only the geologic age of the 
former but also the fact that no land-bridge with Africa could 
possibly have existed at this time or the whales could not have 
intemiigratedj as they surely dab 
After the retreat of the Patagonian sea the Santa Cruii betls, 
which we have mentioned^ were laid down^ in part river deposits 
but largely the air-lx>roe s^olcanic ash which preserved the en¬ 
tombed specimens with such great perfection. 

While Lmmigrtmts from North America may already have en¬ 
tered South America, none had a$ yet reached far Patagonia^ 
whence the Santa Cruz animals como^ Ivnown fos^ plants of 
Miocene time indjcfite luxuriant tropical forests comparabb to 
thoae alive today in Braail and Boli’^da, The Santa Cniz animals 
come from too far south and too high an altitude for such plants 
to live in, and hence there is no direct record of their botanie 
mirroundings at alL Tlie mild climate which b Indicated points to 
open plains with occasaonal trees, as in the African vddt. 

With the ushering in of Pliocene time the climate 
becomes coolerj and this mcreases m- time goes on until the austere 
condition^ of the Pleistocene Giaclal period aje reached. The 
latter was never so severe as in the northern hemisphere, however. 
The paths of intermigration were now^ fully open to traffic^ with 
all that that impHeSj and noiv for the fir$t time appears the van 
of the increasing tide of immigration from north to south and 
from south to north. Climatic barriers, ever more prohibitive of 
north and south movement than of east and west^ must to a cert^ 
extent have prevailed, for there never b auch freedom of inter¬ 
change of animals as between the Old World and the New, 

A large portion of l^atagonb wras encroached upon by the eeaa^ 
w hich extended In places to the Andes^ wldle the broad vaUey of ttie 
Kb de la Plata was a gulf. The continental deposits of the Plio¬ 
cene are of Parana, Catamarea, and Monte Hennoso age^ the last 
being the most recent- 

Pkisitoccne. As w e have seen, the ic&sheets were much less ex¬ 
tensive than in tlie northern hemisphere, rather were they localized, 
due perhaps not so much to temperature a^ to general differences 
in elevation- The climate must have been drier, for there is 
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evidence of great dust storms, tarrj'ing immense quantities of aii^ 
borne material, tlius producing the loess of the Pampas formation. 
This covers vast areas of Patagonia and Arj^ntim and entoinbs 
thousands of animals of Pleistocene age, some of which seem to be 
comparatively recently extinct. The relative age of the Pampas 
formation is equivalent to the Sheridan or Equus beds of the north, 
so called from the abundance of fossil horse rerndns, and there is, 
as we shall see, evidence of greater freedom of faunal interchange 
between the two continents than ever before. On account of the 
more consolidated character of the Pampas deposits they seem of 
greater antiquity than do t he Equus beds. Their approximate age, 
however, is attested by the contained fossils. 

Another source of Pleistocene mnmmals is the limestone caverns 
of eastern Brazil. Here, while the perfection of preservation is 
not so groat as in the Pampas, the numbers are much greaterj in one 
instance no fewer than 500 opossum jaws having been recovered 
from half a cubic foot of cavern earth. 

The Pleistocene witnessed the e.xtinction of a greater part of 
the ancient South American stocks which for millions of yeare had 
multiplied and passed on to leave the land to their somewhat al¬ 
tered descendants. The same is true of the immigrant element, 
such as the true homeg. Why, one may conjecture, but there is no 
demonstrable cause or causes. As in North .\nierica, hotaea re¬ 
introduced by man throve mightily, showing that the physical en¬ 
vironment other than the critical clin^ates of the Glacial period 
was hardly responsible. .An instanoe will aen-e to emphasize this 
point. Horses were first landed in Buenos Aires in 1537; by 1580, 
only 43 j-ears later, their feral descendants had spread'west and 
south until they had reached the Straits of Magellan: a remarka¬ 
ble development in a human generation and a half, even if they had 
the aid of mankind in their dispei^al. 

The Fauna 

In studj-ing the mammals of South America two remarkable 
vistas are unveiled to us of such typical, and at the same time 
contrasting, character that it is well to concentrate on those, with 
only such mention of the other ages as may l>c necessary for our 
uademtanding of the emphadzed two. They are the Santa Cruz 
Miocene, when the fauna was entirely indigenous, and the Pampas 
Pleiatocenc. when interchange with North America was fully 
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establisbed and the fauna was mixed, partly indigenous out of the 
Santa Cruz stock and partly imimgrant from North America, 

The origin of the native South American fauna has been alluded 
to, partly North /American or via North America from the Old 
World, partly Australian (if the reverse of this last statement is 
not true), and partly, although doubtfully perhaps, African. Add 
to this the probability tliat certain orders, notably the edentates, 
were a purely local development and, while derived from some one 
of the primitive mammalian world stocks, nevertheless had their 
inception and subseiiuent evolution in South America, where 
they were first found. To Ire sure, there are so-caUed Old W' orid 
edentates, aard varks and pangolins, but the feeling is that they 
are convergent toward the N ew \\ orld representatives of the s^ 
called order and tiiat the EdenMa of common usage is not a 
natural group in that the two divisions are not blood-related. 

Santo Cntz Fauna. 

The South American radiation had already been under way for 
millions of years when the Santa Cruz M iocene phase w*as reached. 
T and connection with North America had not as yet been 
reestablished, hence the faunal interchange could not have been 
effected betiveen such remote areas as North. America and far 
Patagonia The Santa Cruz animals arc still entirely indigenous; 
but it is almost the last age of which this is true, for by Catamar^ 
time (Pliocene) the first immigrants appear in the form of certain 
true Carnivora. These have been identified as doga, t^ewns, 
and bears, but the material is so fragmentary' that precise iden¬ 
tification is not only difficult but open to question. However, 
these are the first scouts of the invading army; there seems to be 
no doubt of that, 

Scott has entirely exhausted his adjectives applicable to the 
strange iSanta Cruz animals. They are so unlike an.nhing alive 
to-day that, with very few exceptions, one would look the Jiving 
world over in vain for comparisons. As he says, “It Is extremely 
difficult to convey to the reader any adequate conception of this 
great assemblage of mamnials, because most of them belonged to 
orders which have altogether vanished from the earth and are 
only remotely like the forms with which we arc familiar in the 
Northern Hemisphere. To one who knows only these nortUem 
animals, it ecema like entering another world when he begins the 
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study of the Santa Cruz fosaila." There are gaps in the Mator^* 
of these forms, due in part to aectdcnta of collecting, some of 
which future exploration will certainly fill, and also to the fad 
that Miocene Patagonia had comparatively few trees, so that 
typically arboreal, or even forest^welling forma, like the primatea 
and others wiiich m ust have existed toward the tropics, are hardly 
represented at all. 

One rather remarkable thing about the Santa Crujs mammals, 
which is at once apparent from the figure, is the very moderate 
size of the knonm forms^ most of them were actually small, only 
one or two, such as AstmpcfAeriutn, being actually largo as com¬ 
pared with a pointer dog which is taken as a standard of com¬ 
parison. 

Marsupials—As we have seen, the true Carnivora have not yet 
arrived, yet every fauna has a oertaiii balance, though not an 
etjual one , between its planir and flesh mating forms, the latter 
being much the less numerous. This is due to the ease of obtaining 
plant food, whereas the carnivores not only feed upon the herbi¬ 
vores but each individual must necessarily destroy numbers of 
them in the course of a lifetime. It is only in the remarkable 
Rancho la Hrca of Los Angeles that the reveree is seemingly true 
of tenreslrial animals, for there the carnivores, cats and wolves, 
are by far the more numerous. This is due to the capture of the 
latter by the tar death trap when they came to prey upon the un¬ 
fortunate heAivores that formed the lure, and does not represent 
the tree ratios of the time among the unismght. 

In Santa Cruz time it is the marsupials that fill the r61e of 
carnivores. These sparrassodonts, as they are called, seem to have 
a rather close affinity with the living thylaeinc or Tasmanian wolf. 
(See Australian Adaptive iiadiation, Chapter XVItl.) Three gen¬ 
era are sufficiently well known to characterire in fuU There 
was a wolf-like form which, because of its similarity to Thyla^nus 
and its earlier age, has been called Prothylacynv^ (aee Fig 241 9) 
The representatives of this genus eqnaUed modem wolve^ in size 
and prowess, but, if one may judge from Thylaq/nm, were far 
inferior to them in shrewdnftaj and intelligence and yet ^uld hold 
tlieir own in a fauna where no true wolves existed. Tlmt they 
fulfilled the nOle of wrelvcs and were probably equally suceesafui 
in their day is evident, Another interesting beast was Borhyssna 
described as posscasiing a short cat-like head and looking mt mu- 
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Fla. 241.— ReprracTitfttiv^ of the South Amertean Sanla Cru* fauna- 2, Frotiipotfttriuin; 

EtN^rdift^ 4, fin 6r //opoilops^ 7, TAoat/ifln’ujn^ AAfrfljwdAmum; 

ProlhJacynHs; IDj Theomhn: ii, Drawn to the sumo acalo u tiie modem jroiuto dog 

witlkin the reclanflor (After Scott) 
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like a small puma. His role was probably that of the larger modem 
cats. The r6le of the lesser beasts of prey, like the badgers aad 
minks, was filled by Cladotidis (see Fig. 241,1) and its allies. 
Opossums were ooinmoD, although more like the AuBtralian 
phalangers perhaps than the cominDti Virginia opofisum of America. 
The latter Jiiust, however, be a survivor of the same general race. 
These forms tnaiiitained the balance of nature as the types used 
for comparison do to^lay. 

Rodents.—Of the herbivorous animals the first to be mentioned 
are the rodents (see iSocardiay Fig, 241,3), which varied in an 
extraordinary manner. As genera they are all extinct, although 
doubtless more or less akin and presumably comparable to their 
liv'ing descendants. Tree porcupines, chinchillas, cavies (guinea 
pl(!)» coypiis, and such forms, arboreal, eursorial, possibly aquatic, 
constitute this element of the fauna, (The Canadian or tree 
porcupine of North America is a surviving descendant of these 
old-time fonns which has emigrated northward.) 

Edentates are perhapa the most characteristic feature of the 
neotropical region. They vary greatly within the group but have 
certain characters in common, some of which are remarkably 
primitive, others high speciaiioations. Linn&us^ oUi order Eruta 
(lidentata) included both Old and New World forms characterized 
among other things by the deficiency of their teeth, although not 
all are toothless, as the word edentate implies. Tlie New World 
forma have remarkably complex articulations between the suc¬ 
cessive vertebr® os compared with the relatively simple ones of the 
Old World, so that authorities have divided the order into the 
Xenarthrs (Gr. strange and apSpov, joint), or New World 

edentates, and the Nomiaithra, or Old World aard varka and 
pangolins. As we have seen, the inclusion of two such different 
types in the same order may bo an unnatural one. At all events 
there is no evidence of genetic relationship. The Xenorthra of 
Santa Cruz time included armadillos characterised by a bony body 
armor. These animals are present in the fauna of tt^ay, but it is 
doubtful whether many of the known Santa Crua genera can be 
considered ancestral to those now- in exkttence. Siich a one as 
Sk^otkerimi (see Fig. 241,4) was probably fossorial in habits, as 
are the modern armadillos. 

Gluptodouta were another very remarkable group of edentates, 
also heavily armored, but, unlike the armadilloB in which the 
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carapace consisted of a variable Dumber of movably articulated 
rings, they bad a box-like shell composed of rosettes of fused 
polygonal plates. They also bore a bead shield^ as well as one 
protecting the tail. They were rather conservative forms^ varying 
largely in tail armor. In Santa Cruz time the glyptodonts were 
comparatively smalh tw^o feet or less, altbough one characteristic 
genuS] Prapab^ohoplophorus (Fig. 241^5), made up for it in length 
of name^ but that was a posthumous happening for which nature 
was not r^ponsible. .4s Scott says^ “their carapace departed less 
from the armadillo type than that of their gigantic descendants." 

(Tardigrada). We know nothing of the Miocene tree 
sloths, but this is evidently due in large part to the chameter 
of the Santa Crus environment, and not to the fact that they did 
not exist. It is possible that explorntion further to the north, in 
the tropical forests of Braril, would reveal these as well as a far 
greater abundance of monkeys and armadillos which are the actual 
ancestora of the existing forms. It is probable, however^ that 
foa£iils will not be found, for it is as a rule in semUarid or desert 
r^ons that the paleontologist finds his material, never in a 
tropical forest, except by the luckiest chance. 

were leaf-eating and therefore re- 
quiml trees or shrubs as a food source, but not necessarily forests^ 
if they frequented them at alL Hence the Santa Cruz environ- 
nient waa greatly to their liking, and their numbers and variety 
ait amazing. As compared with their Pleistocene descendants 
they were sm alh none exceeding a black bear in and many 
were no larger than foxes. The head was small, the body long with 
a hea\'y tail and thick-set limbs, especially the hinder pair. They 
had long hook-like daws for uprooting and pulling down the 
branches of treesn and this necessitated walking on the outside 
of the hind foot, on the knuckles in front. Apparently they were 
covered with long coarse liaifi at least their Pleistocene descend¬ 
ants were in two remarkably presented instances, and they some^ 
times possessed vestiges of armor in the form of scattered dermal 
oasicles buried in the skin. Enamelless teeth were present in the 
roar of the jaws, while in front they used the toothless homy skin 
of the mouth, gathering their food as do the rnmlnants with a long 
prehensile tongue. Among the ^Janta Cruz ground glotlis were 
probably the direct ancestors of the later giant sloths. Hapalop^ 
(see Fig. 24 ifi) is a representative Santa Cruz genus. 
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UpgulAt^Si—To mo^t of the hoofed animals the group name of 
Notoungiilata has been given to stress their alofjfness from the 
ungulates of the rest of the worldr For it must be rcmenibered 
that relative ease of inteimignition makea the hoofed animals of 
Arctog^Orr which Ldcludes roughly the northern land masses plus 
Africa, more or less akiHp and all decidedly familiar to us, whereas 
^otogEca, or South Amcncaj placed its peculiar stamp on the 
native ungulates within its border^. 

There are four subordera of Notoungnlates, all out of the aame 
ancestral stock, whatever that may have been, condylarth or 
hyracoid. Of these the first to be mentioned are the 7o3(Qdo^ti0 
(i. c., bow tooth in allusion to the sharp curvature of the grinding 
teeth)* These were the most numerous in individuals of any of 
the ungulateSp heavily and clumsily built and having but three 
toes fore and aft^feet hardly adeQuatef apparently, to the crea¬ 
ture s weights lliey ranged up to a modem tapir in size anti were 
occasionally horned^ the boms being odd in number of course to 
correspond to their odd-tejed feet, for that and the reverse coTrcIa- 
tion generally hold, although with some remarkable ejteeptionSx 
Ne^odon (see Fig. 241 p 11) is the largest of the Santa Cruz toxodonts 
and seems to have been the lineal ancestor of the Pleiatooenc 
Toxodon itself, the last of the line. There reason to suppose 
that their habitats were partially aquatic, like those of the hippopot- 
omi, and the feeding hahits may have been comparable, although 
in the toxodonts the teeth were longer crewned and fitted for a 
harslier herbage. 

1 he TypofAerm (see Fig. 241.2) were anomalous creatures 
which, while closely related to the toxodonta, were vastly more 
rodent~Iike Id general appearance. In size they were rarely, if 
ever, larger than a fox. Two most characteristic gtnem arc PaAy- 
mkk&if, not larger than the rabbit which it must have resembled, 
at least superficially. It had loag-crowned toeth, Hegetotheribrnl 
another form, was considerably laigcr and was a loag-cnduring 
gonu!^, its racial Hfc extending into the Pliocene* 

Enieloftychut. Every now and then there has appeared an 
anomatoiis group which, while clearly of ungulate affinities, de¬ 
parted widely from the conventioml Ln the character of the feet. 
Such were the Ancylopoda or ehalicothercs, Erst known from the 
Miocene of Europe and Asia and Inter from North America. 
The American representative is .Voropuj (i, g, doth-foot, clawed 
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Mke those of the sloths), koowti by many complete akeletona 
from the famoua Agate Spring Quarry of western Nebraska, one 
of which ia mounted at Yale. Thia creature, while suggestive 
of the rhinooeroses in uiany details of teeth and structure and of 
the horses in its general proportions, departed from both in hav-^ 
mg laterally compressed and deeply deft unguals which must 
have been sheathed in rather powerful claws instead of hoofs. The 
challcotheres are looked upon as aberrant perissodaetyls. 

Nature has rei>eated the same experiment in the Entelonyehiaj 
taking this time the to^^odont stock and developing grotesfjtie 
creatures, long of limb and small of head, fully as remarkable 
and powerful as the chaUcotheres. The latter were clumsy, espe¬ 
cially in the fore limbs, which lacked the mobility of those of the 
ground sloths, for instanoe. Hence they could hardly have been 
used for puhiiig dow^n the branches of trees to obtain the tender 
tw'igs and leaves which formed the staple food of the sloths* Dr* 
Matthew haa suggested that they may have been used by J/oropus 
in digging for water in an arid land. This may well be but would 
hardly suffice as a reaswi for the evolution of such curious stnio- 
tures, for many African unguhitea—zebras and antelope—dig for 
water with perfectly nonrud lioofa It may be that in the several 
clawed ungulates the claws were used for digging, but rather 
to loosen the earth around the rooty of the trees, which could then 
be borne down by the straddling anknal until the foliage could be 
reached. At all events, the Entelonychis w-cre convergent toward 
the challcotheres and may well have had a comp^arable manner 
of life, whatever it may ha%'e been, wliich iidluenccd the trend of 
evolution in the one group aa it did in the other. As in Moropits, 
the Entelonychia were large animals, in each instance exceeding 
greatly the bulk of their associates. They equalled a large ox or 
rhinoceros in sire* although Moroptis at least was much taller. 

The Adrapothma were ill kno™, as the fossils arc generally 
vei^'' imperfect. There is a remarkable variation of size within the 
group, for they ranged from one extreme to the other as among 
Santa Cruz animals. The high-cro^^med head and lai^c tusk^j to 
gather with evidence of a wdl-developcd proboscis, make these 
animals the most elephant-like of Santa Cruz forma. They diflcrj 
however, iu that the tusks are canine teeth, whereas in the true 
Proboscidea they are incisors* Furthennore, there are no other 
Santa Cruz ungulates which have canine timks^ so that in this the 
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Mtiapothe^ a« imjque fsee Fig. 241,8), Scott says of them 
further, Iheir binbs were long and not very massive, the feet 
short, five-toed and somewhat elephantine. They form an isolated 
^up, traceable to the moat ancient mammal-bearing beds of 
South Amenca, Their relationships arc obacme and more complete 
^tenal ts needed to solve the problem of their origin.” Both the 
Lntelunychja and Astrapotheria Ijceame extitict shortly after 

0" 

Yet another order was the L^Uma, which were in many ways 
among the interesting of all, chiefly, perhaps, because of 

^ A convergence toward the true horses on the one 

hand and the camels (U^as) on the other. Hence the members 
of tius group would probably look leas strange to us than any of 
the mjgenous South American ungulates. The Utoptema also 
^ce their separate lineage back to the earliest Tertiary stages. 

fo Macrauohcnidie 

ProterotheriJd* or pseudo-hoisca 
which coavciged in a most remarkable manner toward the true 

pcrissodaetyls in having odd- 
if either three or one in both fore 

“<>«= suggestive 

of the i^iodactyls, and the wrist is distinctive in its sen^ ar- 
ranged bones, comparable in arrangement to the CondvinrthEa 

Pl^a^w, <»e Fit 170), . carious «d«uxtu4 of tbo 
cmiracters of different orders of TtiBmr fjf^ig 

-A 1,10), apparently the direct ancestor of V/irrfli/i.A«,<iV, t-F 
Ffcbric^o U tokod uo. uoliko a a,odo™ ^Z,tSp, 
thr^toed feet. Its teeth also differed in being eurioualv points 
in the front of the mouth, which must have given i 

.»k uho. tbs noutb 

they STS Iriscsful little Sisslura, rabbet 
body but again of course with odd-toed feet, threc-toed in Prp>i^r^ 
ttmuw and Diadiapk^ and but one-toed in ThoaiAerivm (see 
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(Fi(^. 341,7). Thus Diadiaphorits oonverged toward Merychippus 
or Hippdy^on imiong trut horses and Thoalh^iujn toward Equu^. 
In however, th^ digital reduction had gone even 

farttier than in the modern horse, for the vestiges of digits two and 
four were reduced to tiny nodules, whereas in Equus they are 
long splints reaching more than half the Length of the cannon-bone. 

The prutcrotheresp ttnUke the macrauchenids, did not sur%nvo 
th .0 Rliocene, for they were termini of a long evolutionary line, 
no trace of which has been found in the youij^r rocks. 

Plei8t<Kme (Pampas) Fauna 

Another great vista of South American life is seen in the Pleisto* 
cene, where in the widespread Pampas formation there has been 
found a wonderfully rich fauna, although a^in composed of erea- 
tures of the open country' and of temperate chmate. Some, the 
Indigenous elementp are the direct doacendantij and therefore the 
culmination of several of the evolutionary lines which repre* 
seated in the Santa Cniz> Others were imnaignmts from the north¬ 
ern hemisphere which, as is generaUy the case with an invading 
amiyp were living on the country and givTng the natives a severe 
compiititionp which may have been one reason for the almost total 
extinction of the latter. M we shah see, very few and insignificant 
have been their survivals after millions of years of existence. 

Of the indigenous creatures of the Pampas the most conspicuoi^ 
were the few surviving notoungulatcs and the edentates. It is 
interesting to note that, while some of the latter followed up the 
line of migration (although in the reverse direction from the in¬ 
vading hordes) and actually established themselves in North 
.America, the ungulate^J did net and may never have been found 

outside the limita of Ncogaa. , , . m 

Of the noiouji&ulaks the tj-potherts are represented by Tupo- 
th^Tium, itwlf the last of its race, a creature of mwlerare sue and 
with chisel-shaped front teeth. Toxodtut (sec Fig. 242,5) i 'eviise 
represents theteminal member of its phylum and, like its Santa 
Cruz forebear Nesodm, was probably semi-aquatio m its habite, 
a huge creature with small three^toed feet and with oontimially 
growing, sharply curved grinding teeth. ^ 

Jlfueratieftenm (sec Fig. 242,3) is again a last ffl 4 r%-ivor, thia 
time of the Litoptema. It was soniewhat like its ancestor Theoso- 
dtm but much larger, and the recession of the nasal bones, together 
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w ith c^rtsun dspressions about the bony Dosttils, is Jooked upon ss 
evidence for the existenee of a very well-developed proboscis, 
similar but Jongcr perhaps than in the modem tapirs. Both neck 
and legs were very long, and its threo-toed feet were stout and ^vell 
fitted to bear its weight. The teeth have curious pit-like cavities 
on their grinding surface. Altogether AIncTaucheHin must have 
been a ludicrous animal, ^ efficient browser but one which could 
not sur\ive the competition of the new arrivals from the north, 
nor perhaps the ens-ironmenta] changes of the Glacial period, 
although the present-day conditions might suit it very well. 

The edentates reach their climax of specialization, although the 
species were apparently much fewer than during Santa Crus 

Tree slotlia and autcatem, existing survivors of the order, 
were doubtless present further to the north, hut their actual 
romains are very scanty, paaibly through accident of preserval. 
j^nadilJos, also survivora to the present, were very many, some of 
them largely exceeding the existing ones in size. 

Ground sloths were huge, vastly greater than any of their foie- 
teais There were th™ families: (1) Megalonychid®. although 
Megal^yx i^lf, whjch gives its name to the family, is recorded 
only from North America. (2) Mylodontidie, represented by 
A/y(odo« Cseo F,g. 242,7). which is both North and South Ameri- 
^ and js next in siz^ a ponderous brute with dermal ossicles im¬ 
bedded m the skm. There are preserved in the British Museum 
s^imerw of the related genus, Grypoiherium, found in a cavern 
at Last Hope Inlet, Patagonia, almost unique in the degree of pres- 
ervation in that not only were the broken bones found still bcai- 
mg the shrivelled remains of sinews and flesh, but large portions 
of the hide as well, app^ntly from one individual with ossicles 
and dense coarse tawny hair. These give evidence of having been 
cut from the animal by stone knives wielded by prehistoric man 
Moreover, the presence of the creature’s dung, consisting of entire 
grass and of masses of cut gras,, together with human Ixmes, 
stone implements, and remains of fire, swmg to imply that it imd 
^bly other individuals were actually held in captiVity by man 
ju^^lf and finally used as food. If so, this impHes oi of two 
thjni^; either the great antiquity of coniempomneous man in 
South Amcnca, or the comparatively recent extinction of ffriitM- 
therium. It is said that human artifacts have also been found 
aasociated with Tozodm of which we have spoken, and this oo- 


SOXITH AMERICAN MAMMAL RADIATION 637 



Flo. 242,_Reprcsentutivcs of Uifl South American Pampaa fauna, 1, Dm* 

dittiTUg; 2, Glmtloim; 3, A/dmnwAwiio; 4. iftpptVfium; 5 , Toxedm; fl, 
rium; 7, Myiodim. Drawn to the same acalc aa iho modem peioler dog wiUub 
the i«ctiu>gle, (After Scott) 
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curreucfti if true, is op«Q to similar intorpretatioo. The compare* 
tivc freshueijs of the (irypoikerium hide, together with c^'idenoe 
of the ODly other comparable case, that of the ground sloth Jfotk- 
Toihmuin, found in New Mexico and now in the Yale Peabody 
Museum (see page 376), points to the theory of very recent ex* 
tinction as the moie probable. 

The third family, Megathcriidai, which includes 
just mentioned, has as its representative genus irsffitihertmn {see 
Fig. 242,6), first fully described by Sir Richard Owen. This 
creature was as large as an elephant, although not so tall, had a 
long spout-like symphysis of the lower jaw, and probabb' a long 
prehensile tongue. The family possessed no dermal ossiclcij for 
defense, as the size of its members probably gave them immunity 
to attack by any other than the great saber-tooth cat, 
and he may rarely have destroyed an adult animal. A/egaiftenHtn 
and the smaller Nothrothmum are both known from North as well 
as ^uth America. These creatures were both very ponderous 
of hind limbs and tail and walked on the extreme outer edge of 
the foot, with the long claws turned inward and clear of the ground. 
The fore limbs were relatively much more slender and mobile, and 
the animal must have walked on the knuckles of the hand with 
the claws bent back against the palm. It is quite apparent that 
they could rear on the hind legs, supported by the heavy tail as 
on a tripod, and Use the fore limbs freely to pull down the branches 
of trees for the leaves, on which they normally fed. In the Yale 
specimen the hair which is preser\'cd over the hip is long coarse, 
rather brittle, and pale yellow in color. The living animal, how¬ 
ever, may have been somewhat darker. ' 

The anaorad gbptodonts of the Pampas were huge, with a 
carapace varying up to six feet, so that the entire animal stimetLmes 
reached twice that in over-all length, ten times the aiae of those 
of the Santa Crus. The feet and legs were short and massive, with 
broad hoofs unlike the claws of the other edentates. There was 
comp^tively little variation among the several species other 
than in the armor of the tail, which in (see Pig 242 1) 

was a most remarkable structure, like the battle mace of a medise- 
val knight. These ultimate glyptodonU converged in a most amas^ 
ing way toward the ancient armored dinoraur Ankj/hsaurua (see 
p. 485) of the late Cretaceous, resembling the latter in carapace- 
like armor, head shield, and battle-mace-lifce tail, and in all prob- 
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ability in immunity to attack cj^eept perhaps when vory young. 
These late glyptodonts are also recently extinctp so that their 
shells^ which once dotted the Pampas* are said to have been used 
by the Indians m huts or hogans in which to hve- Few of the 
gljTJtodonts reached North America* as they were not particularly 
mobile types. They have beeu found, however* as far north as 
the Panhandle of Texasp 

Primates were the typical ones found m South America tendayp 
$uch as Cebusy CalUthnXf and others. Here again the fossil record 
does not give a complete story* as the center of their profusion was 
farther to the north in the tropical fore$ta of which we have no 
record* 

Marsupiah are represented largely by opossium from the 
Brazilian caves, as the old predatory thylacines had gone. The 
latter cannot endure competition with wolves and foxes* the 
forerunners of which made their appearance in the Pliocene. A 
comparable case is found in the esdating Thylacynus itself p which is 
now confined to Tasmania but whose remains are found in the 
superficial deposits of the Australian mainland, where it Is now 
entirely extinct. Here the competitor was apparently the dingo 
dog, Cams dingoy the record of w^hose coming is lost in the obscurity 
of time, although it is generally believed to have been brought from 
Asia by the Imman aborigine$p as it is closely related to the Indian 
dhole and could hardly have made the overseas migration unaided* 
The Australian Dlackfelbws* whose ancestors might have brought 
it Over, are closest of kin to the Veddas of Indifip which sums the 
evideuee. 

Immigrant Fauim.—We have spoken of some of the South 
American animals which reached the northern hemisphere, eden- 
tafesp rodents (Canada porctipLue), and the like. The more virde 
North American forms* however* invaded South America in 
relatively greater numbers and gradually replaced many of the 
indigenous fortns. The great extinctions of the Glacial period were 
ruthles for invaders and natives alike, few surviving into modem 
times. The Pleistocene ground sloths and glyptodonta* the no- 
touDgulates and the invading untelopeap horses, and mastodons 
have all been destroyed, not only in South America but* with the 
exception of the antelopes and horaeSp in the other continents aa 
well. The immigrants did not all arrive at once but rather in 
successive waves of migration, the carnivores first. 
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Of the CflmtPt?res all were of the ordinary North American types, 
with certain local peculiarities among those known from the 
Pampas. Of bears the short-faced ArcfofAerium is the only one 
known, but others, like those now living in the Andean highlands, 
may have existed. Of the eats the most interesting is the great 
saber-tooth, Smilodon (eee Fig. ISO), found also in North America 
and apparently the only enemy of sufficient prowess and arniament 
to have attacked the ground sloths and mastodons. In fact the 
general belief is that their evolution in a measure a response 
tn such prey and that they njould not survive the extinction of the 
ktter, having reached an evolutionary' ail de sac (ace Chapter 
XXXIII). There were other large cats in the Pampas as weU, 
true biting cats or Felime, allied to the living jaguar and puma, and 
smaller ones comparable to the ocelot. 


The dogs were of at least three principal kinds: the bu-sh dog, 
Sciicy&Tii fox-like wolves, Cerdocym, iiearlj related to tho^ livuig 
o^ay, and one, apparently Ci^on, resembling doselv the dhole of 
India. There were also raccoons, one very large one, and skunks 
and othem. giving thus a comparatively well-rounded group of 
bea&t^ of prey. ^ ^ 

Vnguhk^. The Notoimgulata, as we have seen, were relatively 
few were but the ]a..t survivors of at least three of the old 
suborders, their place being taken by representatives of three ordcra 
of northern forms. Of the perissodactyls, there were true howea. 
J 59 t.ua the cun.^^ HipiHdion (see Fig, 242.4), with two or 
tbrre allied pnem. There were also tapirs, which were the only 
pensso^tyla to su^uve untU modem times, although their range 
IS much more reatne^ t^ay. Arti«iactyU include the llamS 
or camel-Uke fon^, of which the wild guanaco and vicuna, with 
their domesticated derivatives, survive; deer and antelopes, the 
being now ex met; pec^n®, the only livdng .\mericiin swine. 
Probo^ideaosof the genus Ih^tadon (see Fig. 210) are also present, 
^todons wuh rather implex grinding teeth and no lower tusks 
but with well-developed upper ones, each with a spiral band of 

extinction along with the northern mas¬ 
todons. \\'hy the true elephants, which were so weU represented 
m the northern continent, together with sMasUdon itself never 
penetrated South America 13 a mystery*^ ^ 
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This briefly fiunimafi^es the South American fauDias and their 
evolution. Out of more priniitive stocks there evolved strange and 
remarkable beasts, which probably were actually stranger in 
appearance than our reistorations seem to shoiVj for these are 
perhaps unconsciously influenced by the artistes knowledge of 
existing creatures* without which the reconstructions would be im¬ 
possible, During the long period of isolation these throve in their 
various waySp adapting themselves admirably to the environmental 
needs* both physical and biotic. Some lines died out naturally* 
others flourished until they came into competition with the Invad¬ 
ing hordes and then perishedp yet others actually stemmed the 
tide of northern invadersp crossed the land-bridge in the face of 
their numbers* and established themaelves in the northern hemi¬ 
sphere* but never bej'Ond the limits of the New W orld. Thepresentr! 
day survivors are very few. Among the edentates ^e armadillos* 
sloths* and anteaters; among the marsupials* opossums and 
Cs^ksUs; and among the rodents, tree porcupines* cavies, the 
chinchiJla, and the capybara; and that is about all, only a remnant 
of a great and remarkable host. 
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CHAPTER XXXIX 

THE EVOLUTION OF MAN: ONTOGENY AND 
MORPHOLOGY 

Place eh Natdhe 

We have cettic to the culrniuation of oiir oours© aad Epproach the 
high estate of man, the Joftieat pinnacle of the evolutionary fabric, 
but one to which aD of the laws governing the survival of the 
other creatures have nevertheless applied. In our research we can¬ 
not consider man, that is, physical man, as a being apart from his 
fellows of the animal kingdom; but whatever our prejudices, we 
must look the facts in the face and consider him merely a^ one, 
perhaps a very special one, among the great hosts of animal life. 
As in the caae of the other creatures whoso evolutionary history we 
have endeavored to understand, so with man wc must enquire into 
his place in nature, learning what hig nearest relatives are and 
whence and why ho came, 

Man a Vertebrate. A brief diagnosis of a vertebrate montioas 
a niiinber of characteristics such as the notochord hollow dor^ 
aaUy situated nerve-cord, perforated phaiymt, and the lifce/all of 
which without exception are possessed by man the individual dur¬ 
ing some period of his career just as surely as by the horse the 
dinaaaiir, the amphibian, or the fish. The eiddence of man's ver* 
tebrate inclusion is therefore unquestionable. 

Man a Primate.—Of the several classes into which the vertex 
brates are divided, man shares with the home, the elephant and 
even the saber-tooth the several characteristics—hair, warm blood 
midrif or diaphragm separating the chest and abdominal cavities! 
young bom alive and nourished by mammary glands—which make 
them mammals. He cannot therefore be debarred frem that group 
any more than the others. Within the class Mammalia he is 
excluded from the egg-laying monotremes and the pouch-bearing 
marsupials, and included with those whose unborn yoimg are 
nourished by the placenta (see Fig, 140 ); he is therefore a placental 
mammal. And of the four cohorts of Placentalia he is by a process 
of elimination narrowed down to the nailed arboreal forms or 
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Primates, for te can be neither a clawed unguiculate, nor a hoofed 
ungulatep nor a finned cetacean. 

Primates in General,—Thb name was given to the group by 
Linnseus, who wished thereby to emphasise the headship of the 
animal kingdom, the first in the sense of the highest. The word 
has^ however, a deeper significance thsn this, for the primates are 
also among the first of the placental mammals in their antiquity 
and primitiveness. Along their chosen line of specializationj the 
feet, the horses and cameb are, it is true, vastly further advanced 
than are the primates, and the same thing can be said of tooth 
modification in elephant and It is only in the brain and 

such correlated modification^ as merLtal development entails that 
the primates may justly lay claim to superiority, for m other 
respects they are as humble and generaliKed a group, with very 
few exceptions, as the mammalian class contains. 

Primates may be defined as nearly all arboreal, with prehensile 
limbs, having a more or less opposable pollex (thumb) and hallux 
(great toe). The five digits usually tenninate in flattened nails, rarely 
claivs; there is a clavicle, the orbit is completely surrounded by bone, 
the stomach simple, and the mammary glands are nearly alw'ays 
thoracic. 

ClamJicatiQn of Primaies 

The classification of the primates has of course been subjected 
to the same vicissitudes as those of other orders, especially when 
fossil forms are found which fink together apparently isolated 
living groups. An admirable study of primate interrelationships 
is that of W. K. Gregory (1910)* from whom the followii^ classifica¬ 
tion, somewhat abridged, is taken: 

Order Primates 

Suborder Ixjmuroidea half-apes”}- 

Suborder Anthropoidea (monkeys, apes^ and man). 

Series Flatyrrhim (New World monkeys). 

Family Hapalidse (marmosets). 

Family Cebi(te (capuchins, howler monkeys, spider mtm- 
keys, etcO- 

Series Catarrhim (Old World monkeys and apes). 

Family Cercopithecidse (monkey^^ baboons, macaques^ 
etc.). 

Family Simiidte (man-fike or anthropoid apes). 

Family Hominids (men). 
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I^uuroidea. The lemurs (Figs^ 243, 244) are the most ancient 
of living primatea and as such have departed least from the ordi¬ 
nary quadruped. They are, however, exclusively arboreal, mostly 
nocturnal, and of comparatively low organiaation, which is man¬ 
ifest not only in their body but also in the brain, for the fore brain 
is relatively email and smooth and does not completely cover the 
hind brain as in the higher primates. The second digit of the foot 
beam a claw, the rest terminate in nnik 
The present home of the lemurs is, above all, Madagascar of 
which they are so highly typical that they constitute perhaps cm- 
half of the total mammalian fauna. Lemurs are also distributed 



PiQ. 343, Leoiur^l^aj^ CAfromjw living, Mada¬ 
gascar, tAlter Owen, from Wortmao,} ^ 


through the tropical forests of Africa and the Oriental realm They 
^ found fossil in the Eocene rocks of North .\mcrica and of 
Europe. T^wo interesting relic animals belonging to this group still 
snmv^Airrmys, the aye aye fFig. 243), now living in Madagas- 
^r but having near allies among the long-departed fossil forms of 
North .Amenca; and the tarsier (Fig, 2t4), now confined 

to Sumatra Borneo, Celebes, Java, and the Philippines, but which 
also liad relatives m the American Eocene. 

Anthropoidea.-Thc anthropoids are the most highly organized 
of pnmates. with 32 to 36 teeth, a completely closed orbit two 
pectoral mammae, feet usually prehensile and generally the hands 
also, ^llex sometimes vestigial, and cerebral hemispheres richly 
convoluted, oovermg the ccrebelJum. This suborder includes aU 
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primates other than the lermurs and this of course means man as 
well as the monkeys and apes. It is divided into two sharply 
marked series, the Old and New World prinmtea, and these, so 
far as our evidence goes, represent parallel evolutions which* 
because of the iong period of South American isolation (Bee page 
622), must have diverged from a cotmnon ancestry in early 
Eocene time, 

"i'he Plat jTrluni may be distinguiahed by the broad nasal septum 
(hence the name, Gr. TfXariis, broad, and phf nose); the thumb 



Fig. 244.— -The taiaieri TfirAiuj spe^nmr li™[^p Eiiat Indies and PhiLippiiifai, 

(Aftitr Hr^hm-) 

is not opposable, and sometimes reduced; the tail may be prehen¬ 
sile; there are no cheek-pouch(s nor ischial callosities. The family 
Hapalidse, the marmosets or squirrel-monkeys, are small monkeys 
with a long, hairy* non-prehensilc tail. The poUex is elongated, 
but the hallux veiy small. The latter bears a flat nail, while all 
of the other digits are armed with curved and pointed claws. These 
creatures are no larger than squirrela and are active forms, lj%'mg 
among the trees in small groups. Their food consists of fruit* to 
which eggs and insects are added, a very common dietary. 
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T he the cemmoD South American monkeys^ differ from 

the maimoseta in the possession of an additiona] mnlai' tooth in 
each jaw, makinf; thirty^i3< teeth all told, in having flat nfrila in- 
Btcad of claws, and frequently a prehenaile tail. These forms, 
none of which i$ largo as the larger Old World monkeys, are ex- 



j^ntodn^slus, livics. 


clusively confined to the tropical forests, notably those of RraaU. 
Among the more remarkable are the slender spider-monkeys 
(Ateks Kg, 245) whose p^hensile tail is an organ of the greatest 
use; the howler monkeys (.VyecSes), whose pnjdigioua voice arises 
from an especially modified vocal apparatus; and the capuchins 
{Cebmh whose pathetic figyres, garbed with human habiliments, 
anr $0 seen with itinRradt musicians. 
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Tbe group Catarrhini includea aU of the Old World apes aad 
man, excluding of course the lemuTS. They are characterised by 
the possession of a narrow nasal septum with the approximated 
nostrils directed downward, thirty-two teeth as in man, and a non- 
prehensite tail, which may, however, bo vestigial or entirely absent, 
The hallux, except in man, is fully opposable and the poUex as well, 
although often Ic^ developed. 

The Cercopilkecidae are the monkeys and baboons, excluave of 
the man-like apes, from which they differ in the fore-and-aft elon¬ 
gation of the molar teeth, the presence of ischial callosities on the 
rump, occasional check-pouches, a narrow breast^bonc, and in the 
absence of the venuiform appendix. The baboons (Cynocepkahis) 
are almost the only primates with the exception of man which 
have forsaken the arboreal for a terrestrial mode of life; but un¬ 
like man this has not resulted in an erect posture but a typically 
quadrupedal one. Their head is more dog- than apo-llke, hence the 
generic name (Gr, kvuiv, dc®, and head), with powerful 

jaws bearing immense canine teeth which, added to the equally 
powerful hands, enable competition with the terrestrial creatures 
to be readily met. The old male mandrills (PL XXVI) are re¬ 
markable for their ferocity. These creatures are colored moat 
gorgeously on the checks and ischial callosities, but colors which 
in themselves are beautiful—blue, scarlet, lilac—are in combina¬ 
tions which seem grievously misplaced. Thus ivhile the fur is often 
beautiful and the colors lovely, the general effect is such that, as 
Cuvier says, ‘‘II serait difficile de so figurer uu fitre plus hideux que 
le mandrill." The mandrills, which are typical baboons, like the 
rest of their race, appear to be somewhat indiscriminate caters, 
feeding upon fruit, roots, reptiles, inaccts, scorpions, etc., and in¬ 
habit open rocky ground rather than forests. Their present range 
includes Africa and .\rabia. 

Of the baboons Ditmars says: "It is fortunate for general 
animal life that their tendency to develop size and massive frame 
stopped where it did. If they had reached the size of the anthropoid 
apes, they would be among the most frightful creatures the earth 
has ever known.” 

The macaques are rather stoutly built monkeys, the tail being 
variously developed, lliey arc both arboreal and terrestrial in 
habit but their principal interest lies in the fact that, whereas al¬ 
most all are Asiatic, extending as far as Japan, one species, the 
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called Barbaiy ape {Mococms intiua) Is North African and is the 
only living primate other than man which is found within the con¬ 
fines of Europe, as it has spread from northern Africa to Gihraltar. 

Semturpithecus is another characteristic genus, containing very 
long-tailed, slender forms, short-mu^^led, without cheek-pouches, 
and typical of a subfamily, the Seiiinopitheciate. This group is 
both African and Oriental in its distribution. 

The man-like or anthropoid apess, family hiy greatest 

claim to our interest, since they of all creatures come nearest to 
mankind, not only in similarity of structure, but in actual relation¬ 
ship, for they are our next of kin in that they and humanity spring 
without question from the same bough of the tree of life, and 
though the relationship is very remote according to humaa stand¬ 
ards of consanguinity, from the evolutionary point of view* it is 
veiy close. ^ his does not mean tliat man arose from any known 
ape, or that any ape could ever in the course of evo'lution give rise 
to a nian, but that man and the ape had at some not very remote 
time, geologically speaking, a common ancestor. It is, how'ever, 
highly probable that were we to see this common progenitor in the 
flesh we would bo at a loss for a descriptive term to apply to it if 
wc excluded the word ape. The primates which we have dis¬ 
cussed play a subordinate part, in that they serve to link man with 
the lower animals, the Stmlidm, on the other hand, are all-impo^ 
taut, for only by an understanding of them and their habits can we 
come to a true appreciation of our immediate prehuman progeni¬ 
tors. 

The Simiid® are thus diagnosed: Man-like apes, tailless; no 
cheek-pouches or ischial c&Uosities, except in the gibbon; anna 
much longer than the legs, an opposable polIex,a broad sternum, 
a vermiform appendix. Several extinct genera of Sirniid® are 
known, while among the living there arc four: Hyhhaks the gib¬ 
bon; Simia, the orang; or Pen, the chimpan¬ 

zee; and GonVa, the goriUa. Of these the Bret two are Oriental, 
the last two African in their present distribution, although all 
are apparent ly Asiatic in origin (see page 673), 

The gibbons (PJ, XXVH) are the smallest of the man-like apes, 
rarely exceeding 3 feet in height, but have relatively the lon^ 
anna, for the hands reach the ground when the creature stands 
erect. Ischial caUositiea are present—true of none of their aUies— 
and they are variously colored. The jaws and dentition as in aU 
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Smiiidse are adapted to a fnigivorous diet, but the molar teetSi 
are more piimitiv^^ than in their re!ati%'e% although the upper 
canJiiea aro enlarged and saber-Ute^ either for defend O'rj, more 
probably, as a dietary adaptation. The skull is rounded, lacking 
the high sagittal crest^ for muscle attachment seen in the adult 
males of the other gene^a^ and the head is posed upon the vertebral 
column more like that of a man, doubtless a respond to the erect 
posture which the ape assumca both at rest and in motion. This 
upright pose may have origh^ted in connection with a change in 
the mode of locomotion. The primitive lemurs ran and jumped on 
the upper side of the branches, and hence were quadrupedal, 
whereas the gibbons awing beneath the branches, the arms being 
held above the head. “ This acrobatic mode of locomotion, which 
has been appropriateily called ^br&chiation" (Lat^ AracAitrwi, arm) 
by Professor Keith, very probably took rise Lu the earliest anthro¬ 
poids and has been carried to an extreme specialization in the 
excessively long-armed gibbon. Thus the habit of titling upright, 
which first set free the hands for prehensik purposes , , . vQty 
probably preceded the habit of braebiation and the loss of the taib 
as it has abo in the genua Indris an^ong the kinura“ (Gregory), 
Huxley's description of the gibbons contains the following: 

They “are true mountaineers, loving the slopes and edgeij of the 
hills ^ though they rarely ascend beyond the limit of the fig-trees. 
All day long they haunt the tops of the tall trees; and thEjugh 
toward evening they descend in small troops to the open ground, 
no soobet do they spy a man than they dart up the hlll-sideSp and 
disappear in the darker valleys/' 1 he voice is prodigious, much 
more powerful than that of any singcrj and yet the animal has 
hardly half the height of a man and far less proportionate bulk. 
ITiey walk erect with the arms either dowm, touching the knuoklea 
to the ground, or above the head. The is quickj waddling, 
with no elasticity of step, and they are soon run down. 

In the trees, however, their locomoti^^ powers are quite another 
matter, as their method of progression is by bmehiation, the hands 
and arms being the sole organs of locomotion, oleariug spaces of 

^ Tht? flwttul rrMt ia a tlull nUge oT bano nltLltllttr rtloitfi the mkl-liiia 

of the akulh tho piir|w4a of wkich m to greater area far the origin of Uia ihuscIm; 
concerned in majticut Ec* than irt alTortIwJ by the brain-cakBe aionp. The dovciott' 
Hwfit of thia mat iiuplita tDcretiA'd jaw iiowtr pver tbcM forme which do not |>04- 
•iMA il: i| b alijo mope npt to b# dovetoped wh&ra the bpam-caae itoolf iis «auiil od in 
the mo4o34t3. 
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IS to IS feet with the greatest ease and uninterruptedly, for hours 
together. According to Duvaucel, they can clear 40 feet, which 
may be readily believed. They start and stop inatatitly with 
tio appreciable slowing down or acceleration of speed. More¬ 
over, their leaps not onJy require great strength, but the nicest 
precision. The signiiicsnce of this mode of progression can¬ 
not be ignored, because of its educative value to the creature 
concerned, for every time such a hand leap is undertaken it requires 
the instautaueous solution of a mathematical problem, since an 
accurate estimate of distance, trajectory-, direction, and the ability 
of the objective branch or branches to bear the Impact of the 
Creature's weight must all be estimated, and upon the correct 
solution of this problem depends the amount of muscular force to 
be used in order that the creature may neither under- uor oveiv 
shoot the mark, and the penalty placed upon the incorrect solution 
of the problem and Its practical application may be death! Nature 
has abundant opportunity, therefore, for the weeding out of the 
unfit and she places a high premium upon mental preparedness, 
more jMrbaps In the gibbon and other brachiating primates than 
in any other group of aninials, and this undoubtedly was true 
of the arboreal ancestors of man. 

Osborn thus summarizes: “The gibbon is the most primitive of 
living apes in its skuli and dentition, but the most specialised in 
the length of its arms and its other extreme adaptations to arboreal 
life. A& in the other anthropoids, the face is abbreviated, the narial 
region is narrow, i, e,, catarrhine, and the brain-case is widened, but 
the top of the skuU is smooth, and the foreliead Jacks the prominent 
ridges above the orbits; thus the profile of the skuU of the gibbon ia 
more human than that of the other anthropoid ape«. ’i\T 5 eii on the 
ground the gibbon walks erect and is thus afforded the free use of 
its arnis and independnnt movemente of its fingers. In the brein 
there is a striking development of the centers of sight, touch, and 
hearing [ace diagram, Fig. 249]. It is these characteristics of the 
modem gibbon wliieh preser^-e with relatively slight changes the 
type of the originiil ancestor of man.'^ 

The oraug, SiTnia salyrwf {PI, XN VIU), the second of the oriental 
apes, is confined to the swampy, coastal forests of Sumatra and 
Borneo, It is reddwh in color and rarely exceeds four feet in height, 
but, unlike the gibbon, it is veiy bulky, measuring two-thirds of its 
height in circumferenoe. 'The anna are immensely long, the crea- 
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ture spreading froni ~i teet 2 inches to 7 feot 6 inches. The head is 
short, round, and of great vertical diameter, with very closely 
approtdmated orbits. The skulls of the old males show a sagittal 
crest and the face is suTTOunded with a remarkable flaring lim of 
fleali which gives it a very ferocious aspect. The jaw is deep and 
massive, and the caninea are very efficient either for the opening of 
fruits or for lighting. The principal weapons, however, when used 
against other animals, are the hands. 

The great siae of this ape renders it less agile than the gihboa 
and while highly intelligent it is aluggish in disposition, reposing 
with the back cun-cd and head bowed until hunger stimulates 
it to activity. By day the orangs climb from one tree top to another 
and they descend to the ground only at night. They climb slowly 
and carefully, more like a man than an ape, and are nest-building 
in that they break off branches and lay them in a oonvenient crotch 
of a tree, thus forming a sort of platform whereon they repose, 
utilising one nest until the food in the immediate vicinity is ex¬ 
hausted, when they move on and build another. These nests are 
10 to 25 feet above ground. On the ground the orang runs la* 
boriously and shakily on all foure and is soon overtaken by man. 
It never stands erect, "Dyaks tell of old orangs which have lost 
all their teeth, but which find it so difficult to climb that they 
maintain themselves on windfalls and juicy herbage” (Huxley). 
Normally the food consists of figs, blossoms, and young leaves, 
never living animals. The intelligence is very great, the hearing 
acute, but the xrisLon less so. 

The chimpanzee. Pan pugmxna or Anihrapopilhecus Irogiodukt 
<PI. XXIX), is the first of the African apes and may readily be 
distinguished from the orang by its black hair, although the skin 
of the face and ears is apt to be light in color. In size they never 
exceed 5 feet but are not so bulky relatively as the oranpi, and as a 
eonscfjucnoe are much more expert as climbera, sw'inging from tree 
to tree with great agility as do the ^bbons. They rest in the sitting 
posture and sometimes stand or W'alk on the hind limbs, but run 
on all fours. The head of the chimpanzee is larger than that of the 
orang and the brow-ridges above and outside of the orbits are 
especially prominent. There is a sagittal crest for muscular at¬ 
tachment in the males. The brow-ridga and the prognathous 
or forward sloping teeth and receding chin stron^y resemble 
th<^ of the more ancient species of prehistoric man (see page bS3). 
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In their ae^buildbig the chimpanzees resemble the omngs; in 
their activity and bitinE propensities, the gibbons. There may 
also be more than one species as with the latter^ They are con¬ 
fined today to w^est and central equatorial Africa^ from Sierra 
Leone to the Congo, Chimpansees arc abundant. 

Gorilla gorilUit by far the most formidable of the man-like apes, 
is also restricted to tropical Africa, e^tenditig from the Cameroon 
in the West across the Congo basin to Uganda and Tanganyika. 
There are apparently two apecii^. A specimen killed in the Cam¬ 
eroon and now mounted in the museum of the Aeadcmy of Katu* 
ml Sciences in Philadelphia stands 5 feet 1J inches in height, 
and weighed in the flesh 418 pounds, while the Karisimbi malCp 
shot by Akeleyp measurod 5 feet inehea in height and weighed 
3t50 pounds, the arm spread being 97 inches. The torso and upper 
limbs are immense, but the lega are short compared with those of 
man. If the latter were of human proportions the height would 
probably exceed 7 feet and the weight would approach 500 pounds. 
Even aa it is one cannot but view this creature in terms of human- 
ity, hence he becomes to the rniagination one of the most terrible 
creatures upon earth, far more impressive than a much larger 
quadruped would be. 

In describing the skull (see Fig. 247) Gregory say^: ^*The gorilla 
carries? to the logical extrernc the frugivorous and fighting speciali* 
nations which are foreshadowed in the chimpanzee. The head is 
lengthened by the forward grow th of the muzzle and by the e,v 
treme backward grow th of the skull-top. Thus the gorilla skull, 
to a certain extent^ parallel that of the baboons. The supraorbital 
protrusion is now extreme. The . . , sagittal crest and widely 
Haring occipital crests attain an excessive development in old 
males, and are conditioned by the maadve size of the muecles of 
the jaw's and neck. The caninc?s fonn great tusks and hence the 
muzzle and lower jaw am very w ide in front, . . . Thus the funda¬ 
mental resemblances to the human skull are lankly disguised in 
the male gorilla^ which is distiaguishetl by the great tusks and 
massive cheek teeth, the divergent tooth row's, the baboon-like 
muzzle and protruding orbits^ in contrast with the opposite speciali¬ 
zations in man. The young female gorilla^ on the other hand^ 
except in the dentition, more distinctly approaches the human 
type than any other anthropoid,^* 

The gorilla is the negro of the anthropoids, with the skin a dark 
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brown, nppniaicluiif; blftcli, and ooarso black hair which becomes 
gray with aije. The limbs and body are markedly adapted to its 
gigantic and clumsy stature. It has departed from the primitive 
slendci^limbed and arboreal type and exhibits a more or less 
transitional stage leading to ground-dwelling habits. As in the 
ground sloths, the long arms, stout, short legs, and widely expanded 
pelvis are adapted for the support of the enormous thorax and 
abdomen. The hands of the gorilla arc more human than those of 
any other anthropoid, although the thumb is relativ-ciy smaller 
than in man. and has not acquired the power of opposing itself to 
the other digits. So also the foot of the gorilla diatinctly approaches 
the human tjTJe in several ways. 

Carl Akeley, who collected material for the gorilla group in the 
American Museum of Natural History, gives us a picture of these 
huge apes which is in marked contrast with the popular conception 
based upon traveller’ tales of their aggressive ferocity. He says: 
*‘l saw no indication that the gorilla is in the least aggressive or 
that he would fight even on just provocation. . . . The first 
gorilla 1 ever saw alive was a loue old male, who might be expected 
to show some war-like spirit, if that had beeu a characteristic of 
his tribe, I saw his face—ugly and wrinkled, but mild and gentle— 
across the valley and caught a glimpse of his gray back as he went 
over a log and up the slope through dense vegetation, . . . While 
1 am oert-^n that normally a gorilla is a perfectly amiable, good- 
natured creature who would not look for trouble, yet I am willing 
to concede that, in regions where he is more or less in competition 
with the natives and where he is constantly harassed in his efforts 
to fight hunger, an old male rnight occasionally become what 
might be called a ‘bad gorilla’." 

The gorilla is not a tree-dwelling animal. Only three were 
seen off the ground and these not more than ten feet up—no 
higher than a civilized boy would climb—and there was no indi¬ 
cation that any of the other trees had been climbed. They never 
sleep in the trees but make their nests on the ground. They are 
not partial to fruits or nuts, preferring to feed on grass, herbage, 
and bamboo leaves. If they climb for food or at the approach of 
danger, they must come down the trunk they ascend, as they can¬ 
not swing from one tree to another. They alivaya progress on all 
fours, as they are too bulky to walk on their relatively weak hind 
legs, and if they ever do so it must be with no more ease or grace 
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than a heavily buUt trained dog would ejthibit in making a amilar 
attempt, men they rise and beat their chests, it is not a chaUeoBe 
but an indication of curiosity (Akeley). 

Hominidse.—The family to which man belongs, the HomirndsB, 
bears the stamp of close nelaliooship with the Sirniida, the differ- 
enoea being mainly the direct outcome of terrestrial life, the as¬ 
sumption of the erect posture, and the development of the brain. 
The erect posture has coordinated with it the alternation in the 
curvatures of the spine, the more complete adaptation of the hind 
limbs to bear the weight of the twdy, the loss of the power of 
opposition of the great toe and its more complete development in 
the thumb, and the greater length of the hind as compared viith 
the fore Umba. 


“The anthropoids are chieGy fnigivorous and typically arboreal- 
when upon the ground they run poorly and (except in the ease of 
the gibbons) u* the fore limbs in progiesaing. Thua they are 
confined to forested regions. Man. on the other hand is omnivo¬ 
rous, entirely terrestrial, erect, bipedal and cureoriaJ, an inhabit- 
primarily of open country. The anthropoids use their power¬ 
ful ca^e tusks and more or less procumbent incisors for tearing 
Open the lough nnds of large fmite and for Bghtbg, Primitive man 
M (he contmry, h» »,mB «Dd more oreot redoore 

imrtly for tconiig off the Bo* of .nireulo, whjeli ho hao kJIM in 
the chaw u-ith weapons made and thrown or wielded by human 
hands. Ihere implements and weapons also usuaUy make it un- 
ncccssaiT for man to use his teeth in fighting imd functionally 

th«> oompo^l. for ,ho ^m«| aod more or Joso dofoollvo 
vclopnient of his dentition” (Gregor^-). 

There is but one IKd^ genus, Noma, Included within the family 
Hoimnid®, and aU existing men of whatever race or color are 
given but a single specific name, sapknt (t. *. ^ t^ow) The di«- 
Bons of this species into Its various races, of which no fewer than 
26 subspecies are reco^sed by Gregory, are, perhaps, tmnec- 
essaiy to our purpose, other than to enumerate the followinir- 

AustraUan race; skull long (dolichoeephalic); extremely pmmi- 
nent ejebrows, large teeth, especially the canines; tall lomr-Umhpd ■ 
skin chocolate4>rown; hair black. Jong and wool y 
tralia, Dektan, HindusUn. ^aoicat. Aus- 

N^oid T^: d^ohocepbiUic, forehead round and chndish, 
nasal bones flattened, teeth slopmg (deuta] prognathism); akb 
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and eyea brown or blacky hair the same color, shorty woolly, not 
abundant^ Habitat» Madagi^ear and Africa Iroin the Sahara 
to the Cape of Good Hope, 

Mongolian race: brachycephalic (short-headed), flat no«e^ ymall 
and oblique eyes; short and thick-set; golden-^brown Eaktn; sleek, 
coarse black hair; seanty beard. Dwell cast of a line drawn from 
Tjipland to Siam; Chinese, Tartars, Japane^, Malay's, Eskimos, 
North and South Americans. 

Caueasian A, Mediterranean, short, slender, long-headed, 
hair and eyes dark brown to black; B, AJpinc, of medium height, 
stocky, round-headed, hair and eyes dark brown to black, eyes 
ofteu haael or gray in western Europe; C, Nordic, tall, long¬ 
headed, hair flaxen, red, light brown to chestnut, eyes blue, gray, 
or green. Habitat: Mainly Europe and North America; includes 
also Moors, Berbera, Eg3q5tians, Kurds, Persians, Afghans^ Hin¬ 
dus, Turks, Artnenians, Africanders^ and Australians (non-native, 
for natives see above). 

Axatomical anh Ontocsenetic Evinr^^fCES Fon Humax 
EvonuTipN 

Analomtcat Evidences 

Limbs.—As wdth the elephant, man^s body shows a number of 
primitive characteristics in addition to his speeialL 2 satioii&, the 
latter being developed within comparatively narrow limita* 
tions. The radius and ulna in contrast with those of the horse are 
both ivell developed and freely articulated so that the range of 
tnovement is ample, not only the Iiinge motion at wrist but the 
rotary one known as pronation as well. In the WTist the several 
bones are distinct, such as the scaphoid and lunar of the proximal 
row, w^hichj m the Carnivora for instance, tend to coalesce into a 
Single bone. The fibula of the lower leg is well developed and the 
foot has the primitive plantigrade position of the most archaic 
mammals. 

The number of digits is unretluced from the primal five, nor are 
the phalanges either increased in number as in the whales or dimin¬ 
ished, HO that the primitive formula of 2, 3, 3, 3, 3 for the number of 
bones in both fingers and toes still prevails. 

Skeleton.—The shoulder girdle yet rotaiiis the daviele, linking 
the scapula with the sternum in contrast with all ungulates and 
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with the camivoces. The atlas which bcaia the skull, the sacnuu 
or that portion of the vertebral column which lies between the hips, 
and the scapula or shoulder-blade all show certain reptilian char- 
acteristica. 







T&eth —The teeth arc also primitive, short-crowtied, of simple 
Htmeture and pattern, bearing relatively few, low euspa. The two 
premolars which arc present are simpler than the molars, all of 

which IB in marked coatrasl; 
^lith the forms we have 
studied—the horse, elephant, 
and cameh 

Soft Anatomy*-—Man^s 
soft anatomy also beam the 
mark of j^reat antiquity, 
especially those organs hsv-+ 
ing to do w'ith hia pre-Dstal 
nourishment {placenta). And 
the means whereby the in- 
testme is attached within 
the body cavity, the mesen¬ 
teries, still the same 

arrangement seen in the 
quadrupeds. 

S p e c iali z a tion s.—These 
are^ the erect posture, 
which has reacted upon the 
Fiq. 246 —Hmaaii ham!, H^a ^eJetOQ in several waj^, for 

Conipare witb tlmt of Phtnaeodui prim^ Instance, the four cun'QtUT€S 

Fiu. of the spiml column which 

oiasnum,Pppi£doriii;«:,8CflpbQid;id,t,^p. s l ^ 

ezaid; intj trapexiiim; liaafona. rsauced m number and 

II T , , degree in infancy and ex- 

tmue old age. Second, the basin-skaped pebrU in coutraat with the 
flattened fom. seen in the anthropoids. The fom of the human 
peivw mds m supportfng the ^'iacera while the body is in the 
pMition The pelvis of human embryos is at first flattened, ape- 
hke, and oUy gmMy^umes the basin form as they approach 
the time of birth Third, ,km hands 

rarely extending below mid-thigh when the body is held erect 
TUs shows the opposite extreme of a series as compared with the 
gibbon^ 
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Flo. 247 ,--iikeletoiw ot man (A) and godJla (B). 
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With respect to/oft( specialisaliorij in eomparison mth the foot 
of the anthropoid the hum an foot shows: lo® of opposability of 
tlie great toe, occasionalli' offset in some primitive tv-pea of mani 
development of the shock-absorbing arch; tendency tow'ard 
tnonodactyly, the axis of the foot ninning through digit one which 
thus becomes the "great toe," the others diminishing in siae and 
length. In the fifth digit reduction in the number of phalanges is 
in progress as the distal ones tend to fuse in a certain percentage 
of himmo subjects. 

still another specialization is the loss of hair from the body 
poMibly as a result of the acquisition of artificial clothing. The 
evidence for this belief cited by Matthew (1915) follows: “(1) It 
is accompanied hy an exceptional and progressive dcUcaey of skin 
quite unsuited to travel in tropical forests. 1 do not know of any 
thin-haired or hairless tropical animal whose akin is not mom or 
less t^k^ed for protection against chafing, the attacks of insects, 
etc. (2) The loss [of hairj is moat complete on the back and abdo^ 
men The arms and the legs and, in the male, the chest, retain hair 
much more persistently. This is just what would naturally happen 
rf the Joss of hair were due to the wearing of cIothefl,-^at firet and 
for a long time, a sHn thrown over the shoulders and tied around 
the waist. But if the loss of hair were conditioned by climate it 
shmdd, as It mvanably docs among animals, disappear firet on the 
under side of the body and the hmbs and be retained longest on the 
back arid shoulders. A high specialization h the loss of pigment 
in the akin of fairer races. 

The normal human dentition contains the same number of teeth 
thirty-two, ^ that of the other Catarrhini, so that the reduction 
from the ongnial forty-four is a primate and not a human char 
actenstic. "^e human teeth, however, are reduced in relative sire 
as compared with tho* of the ^threpoids, the canine no longer 
exceeds the other teeth in length and it is tending to become in 
cisifomi There is abo a loss of the diastemata or spaces tetween 
the teeth into which, m the ape, the opposite canineTfit 

In the anthropoids the movement of the foirer jma is' obliouelv 
tr^er^, nimmant-iike; in the human being it is in ail dire^ior^ 
and partly of a rotary character. This is correlated with the reduc- 
tioii of the interlocking canines. That tooth reduction in humanity 
is etill progressing is shown by the fact that one of the nremoJam 
and the second incisors are often reduced and sometimes wanting 


THE EVOLUTION OF MAN 
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and the Eflme w true although to a less extent of the third molam, 
the flo-calicd wi^iom teeth. 

The tooth reductioo is in turn correlated with the ahorteniog of 
the muzzle and jaw symphysis—the facial portion of the akuU, 
that eonoemed with the senses and appetite, in contrast with the 
enormous expansion and deepening of the braimiase, the scat of 
mentality. This change in the proportions of face to cranium b 
express^ in terms of the facial awfle that is formed between two 
lines lying in the sapttal plane of the skull, one of which ia drawn 
from the lower margin of the nasal aperture to the car opening, the 

(see Fig. 248). In the 
higher races of man¬ 
kind this facial angle 
Approaches a light an¬ 
gle^ av€!i:agiiig B5^^; la 
the anthnopoid, such 
a^ the chimpanaeep it 
IE much leaSp uot more 
than 45*. 

The human dram is 
One of nature^s mar- 
velsj exceeded in actual 
mze only by that of the 
elephants and of the 
greater whaJeg. In rela* 
tion to bodily weight, 
man's bmin exceeds 
that of any other creature except some excesaiyelv smaU vertebrates 
such m the humming-birds and smaller mice. In the«e fonna there 
has been a dwar6ng as a result of evolution, as an increase or de¬ 
crease in bulk physically seems to be more rapidly attained than 
a change in brain size in the same animal. Growth of body unac- 
oompamed by equivalent brain growth was seen in the diaosauis 
and BF&nios€turu6. 

Aside from its mere increase in sise, the human brain (see Fig 
249) is also of the highest vertebrate ty-pe, the huge cerebrum 
entirely covering the ceiebellum, so that the latter is invisible from 
above. Greater area of the externa] cortex, the arwjalied “gray 
matter" which is the real seat of intellect, is obtained by a deepen¬ 
ing and further complication of the depraasions between the 


oiner irom lorenead to the maxilla 



Fra. 249.—view of Jiutzian brain^ c^rebrmn 
flf high type, ahowiDg cljief areae of uutcuIu oon- 
and of aeiiBQry impressiGtiii of tnf^t and hear¬ 
ing, hI«q prefrontal area in whinh hieti^r mental 
faculties are (Modibed from Stair,) 
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convolutions. And tlie (poat devolopmeiit of tho froDtal lobes, par¬ 
ticularly, eivea ample opportunity for the expansion of the higher 
intellectual faculties. In ita subtle fineness of detail, in its ability 
to record and often to reproduce an almost i nfini te number of men¬ 
tal perceptions, and in all those other resident faculties which to¬ 
gether make up the higher intellectual characteriatics of humanity, 
the human brain stands preeminent as the moat complex atructure 
evolution has produced. But a comparison with the brain of an 
orang shows the self-same fundamental characteristics; the pro¬ 
portions differ, but in a broad way the shapes are similar and the 
major ooELVolutiona are alike, Ui other words, the two braios diiFer 
not in kind but in degree, and that of man is physically merely a 
relatively larger and more refined example of the same fundamental 
type. With regard to mental retrogression in the apes Beebe says: 
“Young orang-utans in their ‘talk' as well as in thdr actions, are 
the counterparts of human infants. The scream of frantic rage 
when a banana is offered and jerked away, the wheedling tone 
when the animal wishes to bo comforted on account of pam or 
bruise, and the sound of perfect contentment and happiness when 
petted by the keeper whom it learns to love,—aU are almost in- 
distinguishable from like utterancesj of a human child. But how 
pitiless is the inevitable change of the next few years! . . . Slowly 
but surely the ape loses all affection for those who take care of it- 
Mora and more morose and suUcn it becomes until it reaches a stage 
of unchangeable ferocity and must be doomed to close confinement 
never again to be handled or caressed.** Mr. Beebe adds to this 
observation in a letter as foUows; "1 find that while sexual matu¬ 
rity is attained at about six years, the females seem little affected 
and remain gentle and affectionate. The males, however, begm at 
about five years to become morose and sullen. This applies both 
to chimpanzees and oranpi. These statements apply only to 
several animals which have attained their sexual majority in the 
[New York Zoological] Park and even among them there is great 

variation.” ,. , , v- 

The final human characteristic which lifts man high above tua 

fellow creatures is articulate speecA, the means whereby communli^ 
tioD, especially of higher abstract thoughts, is made primarily 
possible: for the development of a mature written language ia 
clearly the outgrowth of antecedent speech. This human faculty has 
had great influence in the development of the higher mental traits. 
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Thus Jt win be seen that comparative anatomy ahoivs very em- 
phati^y our fundamental resemblancea to the other anthronoidfl 
and that if we would look for differences we must comrare details 
of tftructuie and development rather than dlstinctiona of a larger 
sort. As Huxley tmly said: '‘The structural difference betwen 
man the man-hke apes certainly justify our regarding him as 
OD^tituting a faindy apart from them; though, inaamufh as he 
differs less from them than they do from other families of the same 
order there can be no justification for placing him in a diaUnet or¬ 
der. , . Perhaps no order of mammals presents us with so ex- 
traordmajy a senes of gradations as this^leading us insensibly 
mm the crown and summit of auimaJ creation down to cmatures, 
from which there is but a step, as it seems, to the Jow^t smallest 

heraeJf had for^a the arrogance of man, and with Roman sever¬ 
ity had pro^nded that ^ intellect, by ita veiy triumphs, should cad 

bu?dur'°“°“ ' »>» ““X)-™ th« he ie 

Vesb^ O^ans —Drummond mentions no fewer than seventy 
? he m^t appropriately calk the scaffolding left 
m the bi^y, relica of old-time conditions and needs for which the 
modern hi^an economy has no further u*. They are veritabl 
historical doeumente endoaeil within the limits ^ i 

part „ ,hs *,a exia^pTl 

m no other light. Certain of these features disappear with 
and matimty, othem persist during the lifetime o?theh poSLir 

One of these persistent vestigial features is the 
on the body. That upon the arms, for ii^n« sltllr f 
der to elbow and from the wrist upward and oiit war^n « ^ '™ * 
that, were the hands clasped above the head with the elbows * '"T 
mg downward, a posture said to be assumeii by the oran*- 
thus arranged sheds the falling rain (aee PJa^ XXvim^^f 
anthropoids except the phbon the same direction of hair preValL"^ 
with mankmd, hence the conclusion of a bygone t 

habit between man and these apes is irresistjble. Then t™ ^th 
absence of hair on the terminal segments of the dibits o’ ’ ■ ^ 
on the second, and greater abundance on the first nm i 
anthropoids as well as of man. ^ 

The appendix (Fig. 250) baa been mentioned as a di^ 

nostic characteristic of the family Ifominidm and also of the ^ 
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miidffi. In man it is not only apparently useless but is Eometimos 
a veritable deathtrap. With herbivorous mammals, on the other 
hand, its homolotpie, the cKCum, is large and of high digestive 
value. Even in man the appendix has the same structure as the 
large intestine—peritoneum, muscular coat, and mucous layer In 
the embryo it has the same caliber as the rest of the bowel but 
soon ceases to grow and may actually be as long in the new-bom 
b^bc tis lo. the adultr 

The Darwinian point to the ear la a little isomcal projection from 
the rolled or unrolled margin of the ear^ more frequent in the male 
than in the female^ as are all atavistic features* This is in man a 



Fm. of (A) kangaroo a,nd Tmmforw appendijt of (B) inunwi 

embryo. {Aftor Wied^srsJieiin, from Jordan and KdlogE's Evoh^nnd Anmuit 

14ft, D. Appl^toa and Co.) 

relic of the pointed ear found in the human embryo and in lower 
mammals and is, as Darwin soys, a “surviving symbol of the 
stirring times and dongerous days of bis onlinal youth.” 

Thin bands of musck, formerly of value in moving the shell of 
the car to aid in the appreciation of sound, are atUl present but 
usually functionless, as are also the present but involontaiy hair- 
erecting muscles of the scalp. Most of the dermal muscles, in fact, 
so well developed in lower animals for twitching the skin, are 
retained in the human face only where they are used for the expre^ 
Sion of the emotions. Doubtless their retention is in part of de¬ 
fensive significance as they may well have been used to strike terror 
into the breast of an opponent. In addition to this, they also 
aided in the expression of the emotions, as of pleasure or pain, and 
together ivith the voice formed the first elemental speech. 
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ria. 251,—Series of vertebrate etabryos «t thjiie i 

of devdopreent. A, fish; B. 

tuiued m Heart pa^} ™«e, dndL (Coit- 
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Pia. 2S1.—(coot.}— Series of wtetmte embiyoa. E. hog; E, cell; G, nbbit; 
H, Hiimen, (After Heectcl, from Rumwacs’ Dartetn and infltr Damin, Copir- 
Op«D cigurt Publkhiog Go.) 
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A further vestige is the jjIhm jcfnifu^ana, a crescentic fold of 
J^mbmnc in the inner comer of the eye which represeota the very 
elhcient lliird eyelid or nictitating membrane of the eyes of many 
m^mals and of birds. In man it is relatively larger before than 
after birth. The ptjieal body of the brain is coimeoted in reptiles, 
notebly Spkenodott, with a third eye. really the first primordial 
vertebmte eye. In man this is present as a vestige deep hidden 
beneath the niaas of the cerebrum. 

In other mammals that portion of the upper jaw which beais the 
incisor toth is separated off by a suture, and is knoivn as the 
prc^lhnj bone. In man and the chimpanzee this suture is nor- 
mally obsolete, yet the poet Goethe predicted that some day the 
Mpamte preimodllary would be found in man, and so it haa been. 
Moreover, the /rsnhii bone, single in man, paired in the dog. is 
paired m an Abyssinian skull iu the Yale collection. 

Ontogenetic Evidences 

Ontogenetic Vestiges.-Em bryology teaeh^ ns much of the 

T f ^ humanity as of any 

other creat^ bemg; for the unfolding of the miniature man shon^ 

^isely the «4itoe oncK^cll^ oopdition of the ages-remote profit 
zoan anoegtiy, the cleavage stages, morula, blastula, and 
^ any other metazoan; the gradual assumption of 
chordate charsctenatics, of notochord, of hollow nervous avstem 
of gill-clefts; the budding of limbs, at firet as Ul fonned as tho^ of 
the earliest shme-borne amphibian emergent from the old limiting 
aquatic cnrtionment; the perfected limbs and well-developed tad 
of an ancient placental mammal, and the ultimate loss of this and 
^her embiyonic rtnictures. until a man is bom into the world. 
TIuis these wonderful changes, wrought in the dark, rcDroduoe as 
m a pageant the historic changes brouglit about by the evolution* 
ary process during the long night of the geologic past 
Certain of the ontogenetic features may be more Boecificallv 
mentioned, such as the gilUkfte, of which there are 
embryo. Occasionally certain of these communicate with the 
throat so that openings remain on the sides of the neck throuirh 
wh^.h Wds ^ .t th, trtdd,. C. 

on the skin betray their former position. The first gill-cleft the so- 
called spiracle of the fish, normally persists and forms the Tusta- 
chian tube connecting the middle ear with the throat for the putw 
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pose of equalisitig the air-^pr^saure on eithoi’ side of th6 dnim. The 
auricle in fact ia developed fmm this first gih-cleft and the heariDg 
orgaq may be subsequently repeated down the neck. As Drum¬ 
mond says: “In Bome human families^ where the tendency to 
retain these special atructureg ia strong] one member sometimea 
illustrates the ahoormaUty by possessing the clefts abnOj another 
has a cervieal ear, while a third has both a cleft and a neck-ear— 
all of thesC] of course^ in addition to the ordinary ear$," 

The tail is indicated in the human skeleton by the four or five 
bones at the lower terminus of the spinei {Coalesced in the adult 
into the coccygeal 
bone which b coa- 
cealed beneath the 
flesh; but in the em¬ 
bryo not only b it 
present but is free, 
movable, and has mus¬ 
cles for wagging it I 
These are usually re¬ 
duced later to mere 
ligaments but may 
permanently retain 
their muscular charac¬ 
ter, The external tail 
may also persist . 

The lanugo, or cloth¬ 
ing of dark hair w^hich 
eovers the entire body 
except the palms and soles at the sixth month of prenatal lifej 
Usually disappears before birth, but in rare circumstances may 
per^iist and give a permanently hairy aspect to both face and body, 
Thia fcetal hair is also found in other hairless mammals such as 
the elephants and whales, and can have but the one historical 
ftignifleance, harking back to the day when hair was a racial 
neeeissity and not a superfluity as It is to-day in, all three groups. 
The '^awful grasp of a baby,'* as one has put it, is also signifi¬ 
cant, for the power of grip^ notably great during the first few' weeks 
of its life when it needs the most constant care, sensibly weakens 
later as experiments have shown. These conaiated in the suspend¬ 
ing from a stick of from the finger by the power of their haneb alone 
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some sixty infaots which were under a month oldp and in at least 
half of these the experiment was tried within m hour of birth. 
** In every instamire, with only two exceptiooSp the child was able 
to hang on to the finger or a smaU stick, three-quarters of an inch 
in diameter^ by its hands . , . and sustain the whole weight of its 
body for at least ten seconds. In twelve caseSp in infants under an 
hour old, half a minute passed before the grip relaxedp and in three 
or four nearly a minute. When about four days old . . . the 
strength had increased, and nearly all when tried at thm age could 


sustain their weight for half a minute. 
About a fortnight or throe weeks after 
birth the faculty appeared to have at^ 
tained its maximnm, for several at this 
period succeeded in hanging for over a 
minute and a halfp two for just over two 
minutesp and one infant of three weeks 
old for two minutes thirty-five seconds. 
Invariably the thighs are bent nearly at 
right angles to the body, and in no case 
did the lower bmbs hang down and take 
the attitude of the erect position. Further* 

___^ more, the child shoe’s no sign of distress 

thi^ w^ekii oith fuppari- HO cry is Uttered until the grasp be¬ 
ing ita own wricht fqraver ^ to give Way” (Drummond) 

tvra minutes. Attitude of ^ f 

lower Hmbs and feet more ^ couj^ one of the many in- 

rimiAn fhnn buzium. (FrtiCQ stanceSp mainly structural, however, which 
Dartriftajui^i/t^r paint to the old-timc arboreal life not 

Court Publi^ni^ci.?^ haps that the Infant of that day clung 
directly to the tree but that the mother 
did and had to have her hands free for bracUatbn, hence it was 
necessary for the infant to cling to her. 



Fin. 25SHiiuma babCp 


Another phenomcnoa which has received a similar interpretar 
tioD—that of arboreal life—is the occasional dreams one has of 
falling through spa«* with the \'iolent instinctive effort often 
undergonn to ppuvent disastrous consequencea* And the strange 
thing about it is that in the dn?am the fall never ends fatally, 
for that is an experience which could not be transmitted to off¬ 
spring, for such would not exist, while that of the fall could. Jack 
Loudon in his book Befars Adam makes much of this. Roosevelt 
Bays of nightmares, although without aecogsarily implying an hia- 
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interpretation to theiti^ **CiviliMi mail now imiaUy passes 
hiis life under conditions which eliminate the intensity of terror 
felt by his ancestors when death by violence was their normal end 
and threatened them during every hour of the day and night. It is 
only in nightmares that the average dweller in civilised countrieii 
undergoes the hideous horror which was the regular and fretjuent 
portion of his ages-vanishcjd forefather$i and is still an cvery--day 
incident in the lives of most ivild creatures i Wp 

May, 1910). But perhaps too much emphasis has been placed upon 
dreams. 

These examples out of many-—Wiedershrim says I BO are suffix 
cient to show that the human body cannot be considered as a pier- 
feet work of creation but rather the ultimate product of eons 
of evolutionaiy changej resulting in a very knpierfect being from the 
phyacal point of view—a veritable museum of antiquitiea! 
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; CHAPTER XL 

) 

j THE EVOLUTION OF MAN: PALEONTOLOGY 

Paleontolooicai. Evidence of Huuak Evolution 

Our evidences for hum^n evolution thus far disctissed are sueb 
aa were derived from the emting; we have now to trace, in so far 
as we may, the actual evolutionary history of the primates and of 

j man as derived largely from paleontological records. 

I Origin of Primatee 

Stock.—There is but little doubt that two iuiportunt orders of 
modem mammals, the Carnivora and the Primates, had a com¬ 
mon origin, diverging mainly along lines detennined by a dietary 
contrast, as the former have become more strictly flesh-eating or 
predaceous, the latter largely vegetarian and more completely 
arboreal. Back of each group lie as armectant forms the Insecti- 
vora, not perhaps aueh as are aUve to-day, as all these are special- 
iaed along diverse lines, but generalized insectivores pt)sseseing, 
because of their primitiveness, a wider range of potential adapta^ 
tion, Matthew is “disposed to think of these, our distant anoestora, 
at the dawn of the Tertiary, as a sort of hybrid between a lemur 
and a mongoose, rather cathoiic in their tastes, Ihing among 
and partly in the trees, with sharp nose, bright eyes and a shrewd 
little brain behind them, looking out, if you wiU. from a perch 
among the branches, upon a world that was to be singularly kind 
to them and their descendants." Thus we can define the stock 
as a relativeiy large-brained arboreal m.«)cctivore, comparable to 
the existing tree-shrews of the Oriental realm, of 

primitive but adaptable dentition, and especially of progressive 
mentality. 

Time—The time of primate oripn must have been not later 
than Paleocene, as primates, clearly definable as such, are found 
in the Lower Eocene rocks of both Europe and North America. 

Place—The simultaneous appearance of the primates in the Old 
World and the New gives rise to the same condusiona as to their 
place of origin and their mi^ritions thence as with other modem- 

e70 
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iaed manunats (see 516)+ It suffices now to that their 
aneestral home was Holarctica^ probably within the limits of 
the present continent of Asia, whence they ini|Q;mted southward 
along the three great continental radii (see map, Fig, 254). The 
impelling cause of thb migration was the increasing northern cold, 
before ivhich the northern Umitations of the tropicf^l forests re¬ 
treated, catryitig with them the primates whichj in general, ab 
though with noted esceptions, are dependent upon such an en- 
vironraent for their sustenance. 


Yi<j. 254,—Msp of primate distributioTii imi proMble miBmtciry r&ut«. 
{After Matthew. CJourtcsy oC the Yale Univeraity Press,) 


Geologic Record.—Primates are found in the North American 
fiedlments from Faleocene to late Eocene time^ when they became 
extinct. Thus, while their remaina constitute a relatively large 
percentage of the total fauna of the Eocene, primates are utterly 
unknown on this continent from that time untQ the coming of man. 
In Europe the record is siindar except that the extinction occurred 
at a somewhat later date, the Oligqcene, Furthermore, they re¬ 
appear in Europe in the Lower Miocene, their second European 
extinction being in the Upper Pliocene shortly before the hist 
appearance of mankind+ 
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But in southern Asia, Africa, and South America the evolution 
of primates seems to have been continuous since the first great 
southward migration- The evidence, however, ia not so much the 
historical documents an the presence of primates in those places at 
the present time; the fossil record is not entirely lacking although 
highly mco'mpicte. The South American monliCys may have had 
their origin in the ancient North American primates, or more 
doubtfully, the stock may have come by way of Africa. 

OrijTin of Man 

Summary of Primate Evolution.—The paleontological record, 
after the most critical study checked by comparative anatomy and 
other related sciences, appears as follows: “In Palseocene time, 
some mxty million years ago, there Uved arboreal insectlvores, 
relatives of the existing tree shrews, while in Eocene time aie 
found the ancient relatives of lemuroids and tarsioids. The Lower 
Oligoeene rocks of Egypt have given us two jaws of supreme im¬ 
portance, one, PampiOtiaia, being annectant in character between 
the taraioids and anthropoids, the other, Prfrpliopithsctts, rep- 
rescntii^ a form leading to the gibbons and perhaps to the higher 
apes and man. From India and Europe in rocks of Miocene and 
Pliocene age comes Dryo/pithecus, of which several species are 
known from fragmentary jaws and teeth and a single humerus. 
These appear to be closely related both to the existing great apes 
and man and probably represent the common ancestral stage" 
(Gregoiy). While Dryopithecua is very incompletely known, never¬ 
theless we are fairly safe in assuming that it was a big-brained, 
arboreal, brachiating primate, and that it links the ancestry of 
man most closely w'ith the chimpansee-gorilta group, in spite of 
wide differeaoes of habits and adaptation of the present-day 
descendants. 

Place.—Evidences point to central Asia as the place of the de¬ 
scent from the trees of the human precursor, the reasons for this 
belief being several. First, it was central for migrations elsewhere; 
Europe, on the other hand, where much of the most conclusive 
and perfect evidence for fossil man ia found, is too aoinll an area 
for the divergent evolution of the several human spocLea* Second, 
Asia is contiguous to the oldest known human remains which 
w'ere found in Java and in China. ITiird, it was the seat of the 
oldest civilizations, not only of the existing nations which, like 
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the Chinesep trace their recorded history back to a hoary antiquityp 
but of DatioTis which preceded them by thousands of years, and 
whose records Imve not yet come to light. This aatiquity vastly 
exceeds that of the nations of Europe or of the Americas or of 
Africa. Fourth, central Asia is the source of almost aU of our 
domestic animalSp many of which have been subjected to huitian 
will and control for thousands of yearSp and this is equally true of 
many of our domestic plants. This is not due to the fact that man 
first reached cisdlixation in Asm, but rather that he chose for bis 
companionB the highest and best of their several evolutionary 
lineSp and Asia was the place of all others upon earth where the 
eyolution in general of organic life reached its highest development 
in late Cenozoic time. Fifth, climatic conditions in Asia in the 
Miocene or early Pliocene w-ere such a^ to compel the descent of 
the prehuman ancestor from the trees, a step which was absolutely 
essential to further human development. 

Impelling Cause.—We look for a geologic cause back of this 
most momeDtous crisis in the evolution of humanity, and we hud 
it in continental elevation and consequent increasing aridity of 
olimatCj especially to the northw^ard of the Himalayas, 

Increased aridity and tempering of tropical heat came the dw^in- 
dUug of the forested areas suitable to primate occupancy- Barrell 
Kftjt Suggested that this diminution left residual forests comparable 
to the dirninishing lakes and ponds of the Devonian, which upon 
final desiccation compelled their denizens to become terrestrial 
or perish. The dwindling of the residual forests would have an 
effect upon the tncc-dwTllers w'hieh may be expressed in precisely 
the same words. Onoe upon the ground the effect upon even a 
conservative typo—^and the primates in general, where constant 
conditions prevail, are slow of change ^would be the rapid acquisi¬ 
tion of such adaptations as were necessaiy to insure survival under 
the new conditions, for mankind is progressive, with a prolonged 
childhood and retarded maturity of the skull, hence a greater 
brain and increasing ability to change from the forests to open 
country and severer conditions^ The great apes, on the other 
hand, are conservative, with early growth and maturity and with 
mability to change with changing conditions, hence they migrated 
along their own kind of environment to their present distribution 
where t ropical forests continue to be available and as a consequence 
retained their arboreal life and with it a stagnation of progress. 
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The result has been, at any rate on the part of the three larger 
apes, a partial degeneracy from the estate of their common an- 
cratry with mankind; the gibbons seem to have dcferionited less, 
whde terrestrial man has rieen to the summit of primate evolution. 

Time.—The time of the descent cannot have been later fhog 
early Pliocene and was probably not earlier than Miocene time; 
when the terrestrial ape-man became what we would call human 
was perhaps later, but certainly during the Pliocene, which makes 

the ^ of man as such measurable in terms of hundreds of thou- 
sands of ye^rs! 

Signifi^ce of the Descent from Trees.-Aa a result of the 
dj^nt from the trees, oert^n definite factom were eaUed into 
play, each of which had its effect on the further evolution. Briefly 
enumerated, these are: (1) assumption of erect progre&;ion- (2) 
^ration of the hands from their ancient locomotor function to 
become organs of the mind; (3) loss of the easily obtainable food 
of the tmpical forests necessitating the scareh for sustenance, 
both plant and animal, and man became a hunter' (4) need of 
clothing with increasing inclemency of the weather, especially 
during the long wintem; (5} freedom fiom climatic restrictiona- 
when an omnivorous diet and clothing and the use of fire were 
acqumd man was no longer limited to one definite habitat and the 
resut was dw^i^l; (6) the dev^dopment of communal life, 
rendered possible by the terrestrial habitat. Primates are at bes^ 
as in the gorilla, to the lendemhip of the 
strongest rn^e, but it is only by communal life iftith its attendant 
dmsion of labor that man can rise above the level of utter sa^wry. 

Evolutoonaiy Changcs.-Human evolutionary changes S 
are recordc^i are: & ^ 

More ereot posture 
Short4?r amiij 

Perfection of thumb opposability 
Reduction of muKEte and of ?ize of teeth 
Los^i of jaw power 
DevelopEiient: of chin promincaee 
Increase in skull capacity 
Diminution of brow-ridgjes 

Diminution in strength of aygomatic or temporal arch 

Incre^ in size and complexity of brain, especially fiontal lobes 
Uevelopment of articulate speech 


THE EVOLUTION OF MAN 


675 


Fossil Man 

Fossil remains of man arc foiintl under two conditions, in river 
valley deposits and in limestone caverns which serv-cd first aa a 
dwelling-place and later as a sepulcher. Of these the caverns have 
been by far the most productive, but they contain only the re¬ 
mains of the later races, as the caverns probably did not be¬ 
come available for human occupancy before middle Plefetocene 
time, the Peking locality being an exception. 

The rarity of human fossils may be explained, first, by the 
various burial customE, which seldom are sufficiently perfect to 
preclude the possibility of alternate wetting and drying or of 
rapid oxidation, both prohibitive of fossiliaation. If man lived and 
died in the forests, the chances for his foaalization, m coi^on with 
other forest creatures, were veiy remote, for the remains of such 
are almost invariably destroyed by other anirnals, by dampness, 
Or by fungi, and rarely attain a natural burial in Bediment, If, on 
the other hand, he dwelt in the open, the chances of so shrewd a 
creature being caught in the flood waters and thus buried in eedi- 
ment were not very great. However we account for it, the fact 
remains that relies of ancient man are rare and are valued ac¬ 
cordingly. 

In North America,—Repeated instances of se^ingly ancieut 
man have been brought to ^ North America, such as the 
“Calaveras skull" of the California gold-bearing graveU, which 
w'as satirized by Bret Harte; the Ncbraalia Loeae man , and 
those of the Trenton gravels; none of which, with the possible 
exception of the last mentioned, has proved to be really old in 
the geologic sense. Indirect evidence of human antic^uity, that is, 
the of North American man with a^ab which are 

now extinct, while very rare has been reported in at least two or 
three highly'' authentic instances. Ihe first of these at Attica, New 
York, was attested by Doctor John M, Clarke, then New Ttork 
state geologist. Four feet below the stirfa<» of the ground, in a 
black muck, he found the bones of the mastwlon 
ammeanus), and 12 inches bebw this, in imdiaturbed clay, pieces 
of pottery and thirty fragments of charcoal. The charcoal may 
have been of natural origin, but the presence of the potteiy- seems 
conclusive. The other instance was that of the reinmns of a herd 
of extinct bison (Risen anliguus) found near Smoky Hill River, 
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Log&n County, Kaneas, and thus described by Professor WilUaton: 
An “arrow'hefld was found undemeath the right scapula of the 
largest skeleton, embedded in the matrix:, but tou ching the bone 
itself. The skeleton wbb lying upon the right side. . . . The bone 
bed when cleared off . . . contained the skeletons of five or six 
adult animals, and two or three younger ones, together with a 
fcctal skeleton within the pelvis of one of the adult skeletoos. The 
animals had evidently ail perished together, during the winter. 
There was no possibility of the accidental intrusion of the arrow¬ 
head in the place where found, ... It uiuat have been within 
the body of the animal at the time of death, or have been lying 
on the surface beneath its body.” 

Further instances of the same association^—narrow or lance 
points and bison remains—are reported from a point near the 
southeastern end of the Staked Plains of Texas. The artifocts 
are of beautiful workmanship, and of them the following emphatic 
statement is made: “They are certainly and positively contem- 
ponincous with that fossil bison and the associated fauna of mam¬ 
moths, camels, and extinct horses—of a type found elsewhere in 
beds of known Pleistocene age” (Cook, 1925). 

TVTiftt is claimed to be another genuine case of such xn asaoci^ 
tion, this time of the actual human bones, has been leportod from 
Florida. This find, which has been described by Sellards, was made 
at Vero, eastern Florida, in 1913, The fossil human bones am from 
two incomplete skeletons and arc found in strata which also con¬ 
tain remains of the following extinct species; Eltphoi 
Fguus leidifi, a fox, a deer, the ground sloth Megvdonyx jeffersmi, 
and the Americaa mastodon^ * 

In South America.—A number of finds have been recorded from 
South .4mcrica, notably by the late Piorentino Ameghino of 
Buenos Aires, who contributed ao largely to our knowledge of 
South American prehistoric Hfe. An expert from W^hLngton, 
Doctor Ales Hrdlicka, has, however, studied with the utmost care 
the locality and character of e^h of these finds in the western 
world, and has expressed the opinion that none is of antiouity 
greater than tliat of the pie-Coluinbian Indians. 

Further eridence along the same line lies in the uoiformity of 
type, except for minor distinctions, of all native American peoples. 
There is no such racial differentiation as that seen in the Old World, 
and the argument is that there has not been time for such a deploy- 
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meDt, The area and contiitious ss an adaptive radiation center 

are surely ample, n,f 

In Africn.-The only African relics thus far reported are of 

prehistoric cultures, comparable to those of southern Eur^, 
in certain caverns of the Barbary States. There also ^n 
reported from Oldoway ravine, in what was fomerly Gei^n 
Africa, a human skeleton of undoubted antiquity. It is described, 

however, as being neither a very early nor a f 

remarkable African type came to Ugbt in 1921 at Broken HiU Mine 
in Northern Rhodcaia, where, at the extreme depth of a natural 
tunnel m feet long, portions of two individuals were 
being the skuU of Htmio rhodesieTiSK (pa^e 684) The of these 
mteiesting reUcs is doubtful, but they are evidently Pleistocene. 

In Asia.-Asia has given us in PUh^nthroput one of the old¬ 
est knm™ reUcs of the Hominidje, found at Truul m the ish^ 
of Java, The expeditions of the American Museum to 
under Dr. Andrews, have thus far found no fossil men; but they 
have found an abundance of artifacts of apparent Mjmstenmi 
age taee page 678), and hence these soiled Dune Dwyers imy 
have belonged to the Neanderthal species. Actual sWb of Ne- 
anderthal man were found, however, in caves ^ Tlbenas on 
the Sea of Galilee. Both of these occurrences pomt to a far wider 
distribution of this type than was fomcrly known. Peking 

jSiVian^/irapuiS a very primHwe ^ 

two isolated teeth, was discovered at Chow Kow Tien “ 
and further exploration in 193S has revealed jaws and skulls at 

In Eum^.—It is in Europe, however, that the tale of human 
prehistory is the most complete, not only through the happy acci¬ 
dent of preseiv'al, but because it has been much more thoroug^ 
explored than has the Asiatic evolutionary center. Nevertheless, 
the latter holds the greatest hopes for future exploration since, ^ 
we have emphasized, Europe is too small to be an adoptive radi¬ 
ation center and European prehistonc men represent waves of 
migration from the greater continent. 

The European record, however, has enabl^ us to »ame^d 
define a number of distinct human species and here the record of 
the cultuial evolution of man is also imusuaUy complete. Hence 
European chronology is taken as a standard m descnbmg dis¬ 
coveries from any portion of the world. 
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PithecajithTopus.-ThG Java ape-man, Pithecanthroims eredua 
(Fig. 2SS, and PJ. XXXI,A), waa in TrL Sd 

elsewhere in central Java, in ]391. The type eons^ta of a cal- 
vanum or skull cap, a left thigh tone, and two upper molar teeth 
The BkuU, which has beetling brows or tori, appeam relativelv 
long and narrow, a charecteristic of m^jst prehbtorie cmZ 
(except some of the latest), m contrast with those of the apes 
In profile the calvarium is extremely low, the highest pobt 
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being at iiiid4enEtb| while the rear part n heavy, implying a lack 
of that delicate balance eharaeteristic of an entirely erect posture. 
This seems at variance with the evidence offered the strsiighb 
thigh bonej which caused the diseovererj Dr+ DuboiSp to give Ibe 
specific name F. ereclus to the form. Eut heavy neck musclc?s are 
indicatedp which are correlated with a thniEt-forward mii^^le 
and generally bestial appearance. The craniiim haa been cleared 
of its contained matrix and a cast of the interior taken w'hich 
show^s the general form and proportions of the brain* ^'hile the 
exterior of the skull ia like that of a gigantic gibbon* the brain waa 
essentially humanp but with a number of very primitive feature^. 
Two or three of these are in the 
areas W'hiLrh are the last to de- 
velop in the brain of a modem 

childp which t hrows an interesting I 

aide light on the stage of evolu- ^ ^ 

tion of the PUhecanihropu^ brain. f 

The cranial capacity has been / [ 

estimated at 940 cubic ceatime- ^ ^ J 1 

tera, compared wdth 580 for a I 

very large male gorilla and 1500 ^ 

for an average European skull. V— 

But size is not the only thing, for 255 —Restored head of Java 

the undeveloped portions are apt-man tPiiA*MniAmpw n-<cfi«)* 
equally importaDt, and the Pilhe- (Aft« LuU, baaed upo» 
cutiHiTifpus brain i$ deficient in the s^callcd ptefrontal and panctaJ 
areas, the former particuJarly being the seat of the higher mentai 
faculties. Broca's area, the seat of motor speech, and the audi^ 
speech center are sufficiently developed to show that this prinutive 
type possessed essentially human articulate apeech, however rudi¬ 
mentary it may have been. The restoration of the face has 
been most carefully done and, while the evidetice is far from com¬ 
plete, in all probability represents an approximation of the actual 
condition. It is baaed on the calvarium and the teeth and was 
checked by another very fragmentary specimen found twenty- 
four miles away. 

Sir Arthur Keith estimates the height at 5 feet S inches, with a 
weight of 11 stone or 154 pounds, close to tho average of modera 
man. Thus Pith^nikropus lies much nearer to man than the 
apes but is probably not in the direot line leading to modera man. 
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Peking Maii^— Sinanthropus pektnge-nsis is thus cb^iracierized: 
cranial walb very thick; tori huge, very low receding forehead, 
low cranial dome. Mandible chinless with massive canine teeth. 
Teeth large with both ape-like and humaD characters, Skeleton 
unknown, but evidence suggests an erect gait, SinarUhnijms and 
PiihecarUhrojms may prove variants of the same human type. 

Heidelberg Man ,—Homo kddeUb^gmsis (ace Fig, 256), the 
Heidelberg man^ represents one of the two oldest recorded Euro¬ 
pean raceSj geologically speaking. The type w'as discovered in 

1907 in river sands, 79 feet 
below the surface^ at Mauerj 
near Heidelberg^ South Ger* 
many. The relic consists of a 
perfect lower jaw' with the 
dentition {see Fig 257,C). 
This interesting reUc show^ a 
curious combination of char¬ 
acters, for, while the teeth are 
essentially human, the mas¬ 
sive jaw is ape^like, so much 
BO that, were the symphj'^ 
alone present, it might be 
taken for that of a gorilla-tike 
form, while the rear ascending 
„ ^ j , , , „ .. , portion resembles a gibbon^s, 

Fio. 256.—Restored bead of Heidel- l- 

berg mas iHjffma heiddba^ermA}. (After Size. The chin 

LuU, baaed upon McCregQr.) slopes away as in the Pilt- 

down man, while the area for 
muacular attMhmeDt in ertremely powerful* The teeth, relatively 
amail for the jaw, form a continuous series, and the ganines do not 
rise above the level of the other teeth, both of which are human 
features in contrast with those of the apes. The teeth have short 
divergent roots, a bulging crown, and a relatively large pulp eftvity, 
which Keith considers as an adaptation to a peculiar sort of diet! 
He compares the teeth to those of cattle, whose harsh vegetal food 
is obvious, hence he has coined the word tamodont (ox tooth) by 
way of a descriptive term. This is a characteristic, unape-like, found 
nowhere else among men other than in the NcandorthsJ race, 
to which Heidelberg man is supposed to be ancestral, and there^ 
fore seems to debar both from our own direct lineage 
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Recently other material 
hm comg to light m the 
Mauer sand pitj some of 
which may pertain to 
heid^Utergenfn^t but detailed 
descriptions are not yet 
availablOi The material 
seemSp however, to bear out 
our conception of the brutal 
appearance of this ancient 
type. 

Associated with the Hei¬ 
delberg jaw is an extensive 
warm-climate fauna: 
straight-tusked elephant 
{E. Etruscan rhi- 

nocerofi^ primitive horse, 
blson^ wild eattJe (urns), 
bear, lion, and so on* all of 
which aid in establishing 
the date of the jaw as Seo* 
ond Inter-glacial and its ago, 
cooser^^atively estimated, at 
from 300,000 to 375,000 
years. The cultural evolu¬ 
tion of Heidelberg man is 
indicated by the presence of 
eoliths, flint implements of 
the crudest workmanship, if 
indeed their apparent fash¬ 
ioning is not merely the 
result of use. 

Neanderthal Man.—The * * fa 

t Fiq. left outer of A, 

specimen of KcandertlilU ^ . r, Piltdattm oiaii, 

type, Jf/omo neamferWal- Eoanthrrfpus dawtom; C, Heidelberiff num, 

ensis or primigemus (Fifp. D, “odwn 

268, 259, 262, Md p|. ««l«- ("« 

XXXT,C), WAS discovered 

in 1856 not far from Dusseldorf in Rhenish Prussia. Here the 
valley of the Dussel fontia the deep Neanderthal ravine, whose 
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limestone walla arc penetmted by cavems. In <nie ol which the 
remaioB were found. What was daubtleas a perfect skeleton at 
the time of ite discovery was so injured by its eodcre that only 
a portion of it, which was preserved ip the Provincial Museum 
at Bonn, was saved. Pre^dops to this, hmvever, in 1S48, a skuU of 
this rat^ had been found at Gibraltar, but its significance ivas not 
reali^. Recently another skull has been found in Gibraltar. 

The Neanderthal man, a prophet of an unknotvn race, was for 
a time utterly without honor though of couisc the subject of a 
moat heated controversy, being considered as non-hiiman, or 
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jare: heaYyp overhanguig brows^ retreating forebead, long upper 
lip; jaw powerful than that of Heidelberg Euan but very tbiek 
and inasaive; chin generally strongly receding but in process of 
forming; dentition estraordinanly massive in the La Chapelle 
specimen, whereas in those of Spy the teeth are small. The skull 
in many characteristics is nearer 
to the anthropoids than to mod¬ 
ern man. 

The brain is large and its 
volmno 13 surely human^ but the 
proportions are again less like 
those of recent mail than like the 
anthropoids. The chest is large 
and robust, the shoulders broadp 
and the hand largOp but the fin¬ 
gers are relatively shorty the 
thumb Lacking the range of 
movement seen in mcdem man. 

The knee was somewhat bent ^ the 
leg powerful, with a short shin 
and clumsy foot, cleafly not of 
cursorial adaptation. The pos¬ 
ture is usually described as not 
fully erects hut Dr. McGregor 
eaysi that it was slouching rather 
than stooping. The average stat¬ 
ure w'as about 5 feet, with a 
range from 4 feet S inches to 5 that of a livingf Dative ^ 

feet 3 incheSp partly sex differ- tralian; CB)p HomQ «dpicw, tho filter 
cnees. The body was stocky and tAft«T^«d- 

powerful with loose-jointed limbs, 

so that the walk must have been an easy, shuffling gait- This, 
together with the hugp head with the face thrust forward to 
accommodate the heavy jaw and the powerful neck muscles, 
jpves an imloTOly picture of this interesting tjfpe. 

The lower jaw is a derivative of that of Heidelberg, altbcm^ 
lighter and with the rudiment of a chin, and the same taurodont 
Epeciali2atioD of the teeth ia indicated. The brain is large but 
relatively simple hi organization, especially in the primitive 
frontal lobes and Broca’s area, implying not only limited intelleo- 
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tual capacity but limited thought transniiBsion as weU- Culturally, 
Neandertlial man is classed as Mousterian, and the presence of a 
comparable industry in Mongolia (Dune Dweiiera) and the Gali¬ 
lean skulls point to Asiatic distiibution if not origin. 

Neonderthai man lived tn Europe from the Third Interglacial 
stage through the Fourth Glacial, a duration of thousands of years, 
and then became extinct, from twenty to twenty-five millenniums 
ago. He seems to have been an actual lineal successor of the msn 
of Heidelberg, but was throu^out his long career an unprogre^ 
sive, static race. One of the most remarkable features in con¬ 
nection with this race, bowever, was the very reverent way in 


which the dead were buried, nith 
an abundance of omamenta and 
finely worked flints. This can 
have but one interpretation, the 
awakening within this ancient 
type of the instinctive belief in 
spiritual immortality! 



Rhodesian Man.—Hojjw rhads- 
siensis (see Fig. 260) was discov¬ 
er m 1921 at Broken Hill in 
Isortliem Rhodesia. The remains 
consist of an almost perfect skull, 


Fio.260.— Itestoredhcadflfllliwio- the lower jaw, together 



menta of a second individual were also found, sufficient to es¬ 
tablish the race. Details of the cranium point to a number of 
simian characters, and the skull, in spite of certain speciaHia- 
tions, IS of a relatively low type. In the huge beetling brows, 
the flattened skull top, and other details it shows a strong re¬ 
semblance to Neanderthal man, an undoubted relative WTiile 
the face, with its forwardly projecting jaws, b extremely brutal, the 
brain was large, 1300 cubic oentimetere, somewhat less than any 
known Neanderthal except possibly the fim Gibraltar skull but 
again deficient in those regions last to be developed in onto«ny. 
There is a lack of hannony between the relative de^-elopment of 
face and brain, as though Rhodesian man had not yet discarded 
the general utility of the mouth which preceded that of the hands 


which in tum depends nn bmin poww. 
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The teeth are entirely human, set in a finely arched pala 
and the third molars or wisdom teeth are somewhat smaller t 
are the others, a modem tendency found m but one other recorded 
iostanoe umong prehistoric men. There is, however, evi ^oe o _ 
d«ul caries or tooth docsy, to*cth» »t* 
disesse in the skull, sssio sn 

estrcmcly rant in ptcbritoty. The ,x»tur. «t ^ ““ 

»a. thought to ho .rest, but of this then, « Mme dol^^ 

The dating of this interesting type is iMcult. ^o skuU IS 
topregnntod «itb minsrel matter, ss me the msoei^ ammj 
remains, snd Bather Ihialta that, abntet^ tlm age of 
that of the eknll U appreciably older. But the ^ f 
of the present African fauna which, however, has a (hstinct Pleist^ 
cene faciea as compared with that of Asa. Rhodeatan ^ ^ 
therefore of respectable antiquity, ^mly 

where he should be placed in the European chrenolo© li not 

“nThuomn species thus fsi discussed “ 

by the huge brow ridges or tori, confluent above the no^, 

by a low, ?at forehead, inferred of eoume m the case 

birg man. With the exception of PUh^Mhrf^ Kplfde^hS^ 

PiltdownMaii,Eoo«(ftrepi«fdflWH>a*(so®^‘8*2® ' " ant hii 

man relic from the 1 ham^ ^ 

of the British . laboriously reconstmctcd 

h the'kttw ffiw of the pieces formed actual contacts wit^ 
b> of several attempts naturally varied 

one anoth , ^ ^ content, but the general form waa 

clILl/liSbUshed. The parts consisted of parietal, temporair and 
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a po^on of the ocdpilfJ bones, together with the nasals, a canine 
toothy and part of the lower jaw containmi; several tuolare It wa& 
not over the essential form of the skull but over the lower jaw that 
TOntroversy ajHiae, for this bone of contention had so many simian 
^atures that many felt it could not possibly belong with the akulL 
Gemt Miller going so far ss to pronounce the jaw that of an 
CTtmct chimpanzee, to which he gave the name Pan t-eins, and the 
gelation purely accidental. Later opinion practically agrees 
that, in spite of its lack of harmony with the degree of evolution 
ehown by the cranium, the jaw ^Uy may pertain to the 

indmdualj and a second yet 
moi'e incomplete indi^'idual bears 
out the belief that it ia another 
instance of the evolutionary ad- 
Yanee of craniurn over face 
which wo have seea in the case 
of Rhodesiad man. 

The exterior of the skull, as 
now restored, b in no sense ape¬ 
like^ mueh less so La fact than 
the far later Neanderthal and 
Rhodesian men. The tori are 
lacking, and the forehead is 
Fm. 301,-^E^r^ head of Pat- steep, but the relative breadth 

(After Lull, based npdn McGft^or ) tue rear portion and the in- 

gradually merge mto the ciowu, do depart toward the ape' in 
modem man the crown is doiue^haped. The face must have 
beeo imusualiy large. The cramd walls are enormously thick 
more so than m any other human skull, which uiakes the in 
tenor ^mpamtivcly smalh 1350 cnbic centimeters, compared 
with 1500 for the aveiage European. Eliot Smith sums up a de- 
^ription of the brain ^tha m<^ primitive and ape-like human 
brain hitherto discovered, evidently excluding that of Fithccan- 
ihropu^. 

The jaw represents the imperfect right half. Enough remains 
to show a veiy retreating chin, but, while the molar teeth are 
human, the canine is not and must have interlocked with ita 
opposite, as do those of the apes. Thus the jaws seem to have 
retamed a large share of the general utility which goes ivith the 
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uticlex ^loped bmin. The aseoei&ted flint implements arc extremely 
cnitle, which is further evidence of the low esUte of Eoan/Aropas. 
Chronolof^cally Piltdown man is not suidy dated- He was intei^ 
glacial, the associated animal remains indicate that, but whether 
first or second is in question- He cannot be placed within our 
genus, Homo, idnee hb peculiar morphology excludes him; rather 
has he been called Eoanthropvs, the dawn man. Boanlkropu^ may 
also be barred from the direct ancestry of modem man. 

Homo sapiens.—This Linnman species includes all exiatmg men, 
of whatever race, and some extinct men. They have a number of 
distinctive characters in common, although in varying degree. 
These are, first, the entirely erect posture, with four reversed curves 
in the spine which act as a shoch-absorbing device to protect 
the nicely poised akuU. The limbs are strtdght, but the 
meutal proportions vary racially and individually. The ^ull 
also varies in size and relative proportions, such as length to 
breadth. The forehead is generally steep, and the emtmuous 
brow ridge is absent. Thus there is ample space for the fullest 
mental development. The final distinctive feature is the jutti^ 
chin prominence, the result of the reduction of the dental arch. 
In the lower existing reces, Australian and Negro, the teeth are 
fine and regular and are irell spaced; in the higher races, on^ 
other hand, they are apt to be crowded and out of alignment, due 

to further progresave reduction of the jaws. r ii. a 

Cr6-Magnon Man.—The ori^nal finds of the men of the Cr5- 
Maguon race (see Figs. 263,264, H- XXXI, D), //omo were 

made at Gower, Wales, and at Aurignac, France. In the lat^ 
place seventeen skeletons came to light in 1852, but were buned 
in the viUage cemetery and thus lost to science, and not untd 
1868, when five more skeletons ivere discovered m a reck shel^ 
at Cr6-Magnon, France, was the race establifdied- Th^ mdivid- 
uals, an old man, two young men, a woman and a child, arc thus 
the tjT>e Crii-Magnons. Thb magnificent race is thus chameter- 

^kull large but narrow, with a broad face, hence disharmonic. 
Facial angle equaUing the highest type of Ho^ Jaw 

thick and strong, with a uarrew but very prominent '^bm. Fore¬ 
head high and orbital ridges reduced. Bnuu not only of high tyi^ 
but very large, that of the women e-xceedmg the average male 

brain of todi^y- 
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.tapanty. The Waa^cota of the Ii„|„ „ere Iop«, ta co«t™t 

"-" ^ Neanderthal type, hence the men of 

Gf^MaRiion wei5 swift-footed, while tlioac 

saj’s: 

The mde, fihort face, the evtremely proni- 
ment cheekbones, the spread of the palate 
and a tendency of the upper cutting teeth 
and incisors to project fomard, and the nai^ 
row, ^inted chin recaU a facial type which 

the nort h and to the wuth of the Himalayas. 
^ regart^ their stature the Crfi-Magnon 
thTn^^ the Sikhs li^dug to 
ttl r chshamonic propor- 

'^mbinatiorof 

^ cheekbones and narrow skull, they 
^ble the Eskimo. The sum of th; Cr^ 
fh^rf ^ certainly Asiatic rather 

fat,r7C^^Magnons at the Grotte des En- 
^ts, neir Mentone] the gum of the char- 

elagain show by their 
daboj^c burral customs how old Zd weh 
founded ig tin; l«Uef in life after death tLv 

r™. £fla.^Skeietoii ^Ph who Jeft in the 

of NeandertW man, of France and Spain the Tnn)n.'i>?l/M.i> 

Homo manderOuilfmu. examples of upper Palenlitk' 

(After Beute.) Compare described hv AW 

with Fig, 203, They lived for a 

drawn to the with the men of 

Bomewhat to the final extinction of the Er 
time, however, they too declined, although tr^hL"* 
of the race may be seen in Dordogne S ZZ ^^urvivore 
tonne in Southern France, and at Sbn in^nta^r' 

‘ Tho ^lest livinir not* of men nro tto Hijdilinri 
wto» he^ht avomaw S fMi II inehe# t« « feet PaloEoiittii* 
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The decline of the Cr6-Magaon3. w'ith 
their artistic culture, “may hai 
partly due to environmental cause 
the abandonment of their vigorous no¬ 
madic mode of life, or it may be that they 
had reached the end of a long cycle of 
psvehic development. . . ■ We know as a 
parallel that in the history of civi- 

liaed races a period of great artistic and 
industrial development may be followed 
by a period of stagnation and decline with¬ 
out any apparent eniiHronineiital cause. 
(Osborn.) 

Europe was repopulated after Cro- 
Magnon decline by later invadera frem 
the Asiatic realm, the sO'Called Mediter¬ 
ranean narrow-headed and the Alpine 
broad-headed types, etc., probably differ¬ 
entiated in Asia in early Paleolithic timeB, 
The repopulation took place in the Upper 
Paleolithic. The ori^n of the Nordic race 
is in doubt. 


Evidences of Hnnton Anti^Hy 

Great Variation.—These, briefly sum- 
manjea, are, first, great variation. If man 
is monophyletic, that is, derived from a 
single prehuman species, there is littte 
reason to bdieve otherwise, he must 
old, for while the adaptations to ground¬ 
dwelling after the descent from the trera 
veK doubtless relatively rapidly acquired, 
the differentiation into the various races 
due perhaps largely to climatic influences 
rather than to any notable environtn^t^ 

change, must have l^n Mentone. 

As corroborative evidence we have nut Verntim.) 

to point to the mural paintings on 

Egyptian monuments, dating back several thou^d y^rs. “ 
which are depicted the Ethiopian, Caucasmn and others, which 


Fio. 263- —Skeleton of 
Doan of Crfi-MufTi-oii race, 

ffiipiffwi, froffl theGTottfl 
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Umversal distribution is, in animalfl, another mark of antiouitv 

in inSiiij it IS probo-hly Josa so ivixAncA ’k' . ^ 

High mtelligence as compaix^d Ti^ith that nf iKd ^ 'j ■ 

volopment. Our study of fos^ 
hU man sho^v's this. 

Commiina] life, di^-idou of 
labor aU of the compli¬ 
cated interactions which it 
brings about, and the develop- 
mant of Jaw and religions all 
have taken time. Wljen we 
that Babylonian texts, 
twice as remote as the patri- 
Abraham, give evidcDCO 
of highly perfect laws and of 
a civilization which must have 
antedated their production by 
centuries, we gam another yet 
more emphatic impresaion of 
human antiquity. Add to all 

dence of man's nssociation with various 

cesjive species of prehistoric animals of which Tc aknT”'^-"'^ 
and the evidence is complete. “ survives, 

Fiilure of Humajtiiy 

Because of his intelligenee, tool usimr and n 
b little subject to the laws which govern the 
mals to their environment. The law of adaotiv^ ^ ™’ 

tod mammals, fails in its application to man^n^^ 
has become as thoroughly adapted to sa^Ail* 
sorial and aquatic as theyr but hia adaptation is 

ve^ s .^1 .xtenl fr^rSte 



Fio. 264.^Hcstored bead of Crt-Majr- 
non man {Homo tapitfu}. {Aftw Lull 
adapted in part from MeGregcr.) ’ 
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natural and the stamp of the environment is deeply impressed 
upon the organism. 

Man's physical evolution has virtually erased, but in so far as 
any change is being effected, it is largely retrogressive. Such 
changes are; reduction of hair and teeth, and of hand skill; and 
Julling of the senses of sight, smell, and hearing upon which active 
creatures depend so largely for safety. That sort of ehanty which 
fosters the physically, mentally, and morally feeble, and b thus 
contrary to the law of natural selection, must also in the long run 
have an adverse effect upon the race, unless offset by an enlightened 

eugenics. ,u - 

Man ia hardly as yet subject to Malthus' law, for while he is 

increasing more rapidly than any other mammal, owing largely to 
the care of the young which makes the expectation of life of the 
new-born relatively very high, his migratory ability, but above all 
his intcUigence, save him from the application of the law. A angle 
new discovery such as that of electricity may increase his food 
supply and other life necessities several fold. His future evolution, 
in so far as it is progressive, will be mental and spiritual rather 
than physical, and as such will be the logical conclusion of the 
marvellous results of organic evolution. 
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AfuwMn c/ Afan id Vu: Britith 

W«Klw.«i, Sir Arthur SmiU. (lith C. Daws™). On PiUdou^ i»ia 


EPILOGUE 

the pulse of life 

The stream of life flows $o slowly that the imagrnation fails to 
grasp the iminetiaity of time re<iuircd for ite passage^ but like 
many another stream it pulses irregularly as it flows. There are 
times of quickening, the expression points of evolution, whioh 
are almoeat invariably comcident with some great geologic change, 
and the correspondence is so exact and bo frequent that the laws 
of chance may not be invoked fay way of explanation. The geologic 
changes and tbo pulse of life stand to each other in the relation of 
cause and effect. This stateirient doe$ not, how'ever, imply the 
acceptance of the Lamarckian factor any more than that of natural 
selection, for whether the influence of a chan^ng environment acts 
directly upon the creature's body* or indirectly through induced 
habit, or, whether it merely sets a standard to which animaJs must 
conform if they would survive, matters not; the fundamentaJ prin¬ 
ciple remains that changing environmental conditions stimuMte 
the sluggish evolutionary stream to quickened movement. 

Many of these pulsations have been described in the foregoing 
pages, and in each instance we have attempted to define the phy'a- 
ical change which served to accelerate the flow of hfe. And in 
almost every auccessfuJ attempt we have found the immediate 
influencse to be one of clinmte. either of temperature or moisture 
variation, due sometimes to topographiCn at others to general 
atmospheric conditions. Back of these climatic changes li^i as 
one of the great fundamental causes, earth shrinkage, with a 
consequent warping of the crust which produces mountain ranges 
and enlarges the lands. Thus it will be seen that the most mo^ 
mentous changes, so far as influence on life b concerned, may have, 

geologically speaking, a veiy simple 

In ^ far as we can recognize cause and effect, the record of the 

crises of evolution stands as follows: 

For the origin of life its?M there is no known geologic cause other 
than the gradually attained fitness of the earth to be the abode of 
organic beings. Nor do we ^rely knovir of any geologie event which 

Gm 
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impelled the UineTsecretuiB habit of animab and plants and thus 
made possible an adequate fossil recoJd of their life. This habit 
was attained, however, by the anlmalg La the Upper C^brian, 
and much earlier by the water-living aJg® among plants. 

The Origin of vertebrates, another event of high importance, 
occurred much earlier than mid-Ordovician time, for in rocks of 
that T»riod are preserved fossUa which indicate that ehordatc 
evolution was already well along upon its course, as the creatures 
recorded are highly specialized, annored offshoots of a primiave 
stock. 

The main dynamic, and hence anatomic, distinction between 
vertebrates and invertebrates lies m the fact that the former are 
principally active motor types, while the latter, with some strik¬ 
ing exceptions, such as the predaceous cephalopoda, are sluggish 
non-motor organisms many of which arc actually sedentary 
in their habits and adaptations. That this evolutionary distinc¬ 
tion is Largely the result of habitat seems evident, the vertebrates 
being a response to dynamic waters, the invertebrates to static. 
The origin of vertebrates, therefore, apparently implies no more 
than quickened rivers and inhabitants of riglit potentiality; it 
QQ\ild notj in yJl probability, h4ve occurred either in the ^ 5 ea or in 
land waters home u^n a flat topography. Ifence we should look 
for a great diaatrophic movement or elevation of the lands such as 
would accelerate the flow of terrestrial rivera, for in all probability 
a potent stock, possibly worm-like forms, bad peopled the dugghih 
waters for a Jong period antecedent to the actual change Several 
such movements are recorded during pre^ambrian time; but that 
of the _intcr%^al between the Proterozoic and the Cambrian («e 
Fig, 265), seems to fill the time requirements best of all as the 
others arc immeasumbly remoto, " 


Another event of immense importance to future evolution was 
the emergence of the vertebrates from their limiting aquatic en- 
vifooment. That this emergence was by way of the strand from 
flea to land smim hatdjy probable, for no phylum of animala has 
ever chosen this readily available route. Isolated genera or even 
s^es which ^Uectively foira rare excepUons to the mode of living 
of the.r a hes have traveled this road, but there is not sufficient 
stimulus to produce a notable migration. The vertebrate emer- 
^nce was from the rivers to the lands, and the impelling cause the 
increasing andity consequent upon the Silurian uplift This ro- 
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duced the abundant rivets to sluggish stueams and finaUy to 
residual bodies of water, imperfectly oxygenated, which pla^ a 
premium on lung-breathing on the part of the contained fishes. 
When the final dwindling of their habiUt left them stranded, such 
as could become exclusively air-breathing survived, giving nse te 
the amphibia, but those which could not, perishi^, except tlmt m 
soin€ rectiote asylums whert a vestige of their habitat the 

luER-fisbes also survived, for their desoeudants, few as to kiads, are 


still extant. ^ l i Sn 

With the recurring moisture of the Coal Measures, amphibia 

throve and multiplied, returning to the ancestral watem seasonally 
to bring forth their young, but toward the latter part of the Misia- 
sippian period increasing aridity and reduction of temporatura are 
again manifest, making this annual return less readily possible and 
stimulating the evolution of the exclusively air-breathing reptiles 
In the Permian recurs the same chain of events—contmentaJ 
rise, increased aridity, and, this time, glaciation, eapcckUy in the 
southern hemisphere. I'he folltming Tfiassic period was likeivisc a 
time of aridity, amelioration of climate coming after its close. 
Reptiles being already established, the climatic condiUons stimu¬ 
lated an event in the evolution of Urrestekl animals second ui 
importance only to their emergence: the ori^n of mammals, And- 
ity paved the way by developing active types among the 
and thk was apparently a neceseaty antecedent to the establish¬ 
ment of warm blood, throuj^i quickened metabolism and raising 
of the body off the ground. Increasing cold then plac^ » prcmiim 
on ability to maintain this activnty beyond the limits of the 
shortening summers, and this could only come about threugh the 
acquiring of a constantly maintained temperature, in other words, 
of warm blood. Out of one reptilian stock were to rise the warm¬ 
blooded quadrupedal mainmals, and out of another the wam- 
bloodcd bipedal birds. The former, however, were kept so ^ec- 
tuaUy in check during the Mesosoic, apparently by the dominant 
reptiles, that their known evolution amounts to comparatively 

little until Eocene time. . 

Aridity in the Triassic, necessitating swiftness of motion, may 
have caused the rise of the bipedal dinosaurs just ^ aridity and 
bipedality among modem lisards are the result of similar associa. 

tion of cause and effect. 

Climatic oscillation, giving rise to humid conditions during the 
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Jurassic, funushed aa amphibious habitat -which tempted the 
incrawiagly large saunschten dmosaura to tersa^ for 

dvvelliDg-plaeas and abandon the strenuoua hfc of a wmivore for 
the slothful ease of ati amphibious herbivore, and 
in the early Cretaoeoua may have been due m part at least to a 

d^^'indli^K of th^ir . 

The cause of dinosaurian extinction at the close of the MesosfflC 
is yet unknowTi, but the fact that it was coeval with the world¬ 
wide Lanunide Revolution, which must have given ^ to a 
reaching chain of results, gives evidence that here we have agmn a 

basics EBOloric cause, . 

It cannot be doubted that the cause or causes of dmosaunan ex¬ 
tinction were an indirect stimulus to the first great deployment of 
the archaic n,»mma1s after their age-long suppreaaion during the 

^ ^earchmc mammals in turn met their fate largely thiou^ the 
competition induced by the incursion of the modernired orders, ^d 
this again had for its prime cause the decreasing tempemture m the 
north, which drove the moderated hordes from their ancient radia¬ 
tion centers along the several continent^ ra^ to 
not without the realm of possibility that the _ _ 

and more variable climatic conditions of their 
stimulated the modemired mammals to 
tainment than did the more equable habitat of the 

Increa^g aridity during the Oligooene and Miocene, ^ 
to continental uplift, gave great unpetus to 
became the dominant flora of the ternpeiate realm^ 
of this on mammalian life was far-reachmg for it cau^ 
tion and extinction of many browsing types and a 
denlovment of the grating forms—horses, camels, deer, _ 
bpt-wSh are so important a part of the earth’s mammalian 

have with the increasing elevation of Miocene 

and Phoebe time, especially in central Asia, the eulmrnatien of the 

evolution of the various mere of mammals which rnan ha.s ^opted 
evolutionoi tne 8^ domestic animals. And not only were 

^ hiB ^e ow- ^ buffalo, sheep, and goats, the horses 

of the’friends of man here finally 
tllLTbu't man himself, as a response to the same^sen® of ge<> 
logic ch^ges hy which the others were brought to their final frui- 



698 


ORGANIC EVOLUTION 


tion For variation in amount of moisture and increased eold in 
tbe north land, with the consequent rGstriction of tropical forests, 
brought the primates south, and slUl further cold and aridity re¬ 
duced to residual trefj-clad areas the forests within which dwelt 
the pre-human. These arcsa were dnally destroyed, or at any 
rate so changed in their old tropical prodigality th^t the human 
precursor, ss a means of preservation, descended fmm the trees and 
became man. 

Increasing severity of ebmate during the periods of glacial ad¬ 
vance bad a profound uifluencc upon pncnavnl man, neccasitating 
clothing and a search for and adaptation to divfirse sorts of food^ 
Man thus became in a large measure independent of climate and 
this wais his first conquer t of the forces of nature, a conquest which 
has led to others, so that now he haa not only become the dominant 
form of animate creation, but has subjected to hig will many of the 
very forc^ which through long ages have stimulated his evolution. 

Thus time has wrought great changes in eart h and sea, and these 
changes, acting directly or through climate, have always found 
somewhere in the unending chain of living beings certain groups 
whose plasticity pennitted their adaptation to the newly ariaing 
conditiona. The great heart of nature beats, its throbbing stimu¬ 
lates the pulse of life, and not until that heart is stilled forever wiU 
the rhythmic tide of evolution cease to flow. 
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Bate, insectivorotta, 319, 332* 
*'Beaglt," 13 

Beak, in aeansmial fomo^ 312 
Bear-auimalcuksa, 177 
Bcaia, 28, 121, 259, 264, 265*, 519*, 
640 

polar, 45^ 0£j 201 
21I» 253 

BedtJard, f\ E., 3D6, 333, 540, 564 
Bccbc, 147, 001 
Beecbern C. E„ lS3. l&l, 452 

S6, 01, 96, 100, 105p 135, ITT. 
211, 218, 221-223% 408, 409, 410, 
421 

Bees, hoDcy-, 223, 405 
Bees, humblfr, 124 
Booties, 211, 403, 409, 421 
Beetles, diviiag, 414 
BeetIuSj duDg-^, 133 
Beetles^ first ttuo, 423 
Beetle^r j?it>UDd, 400^ 410 
Beetles, l^-eatmgj 38 
Beetles, potAto, 

BeotkSp rhittoceras-j 135 
Beetles, snout-, 154 
Beetles, 135 
Beetles, ti|5tr, 410 
Beetles, water, 415* 

Beetles, weevil-, 134 
Beeltoa, nin^leesr 103 
Begonia, 96 
B^iemniieSf 394, 401* 

Belemnoidcar 3^1p 
Bsfupa, 534, 546% 549 
Beluga, 299 
Belugind^, 548 
Bonthos, 32 

Benthos, deep-water, 56 
Benthos, sedentaiy, 32, 34, 91 
Benthos, sedentary, aeriaJ, 33 
Benthos, vagrantp 33, 42, 75 
Beresovka mamirmtb, Platt* v 
Beiing Strait, as land bri(lg6p 45 
Berlin Museum, 494 
BiM frarUiTialiti 19 
Biogenctic law, 179 
Biolo^^ llj 15 
Bipedahtyi 271 
Bvpinnurta larva, 437* 

Bird-Lice, 243 


Birds, 25, 43, 47, 61, 77^ 101% 102, 
135, I33p 147, 170p 189, 193, 201, 
204, 249, 3l4p 317, 319, 320> 321, 
333,463 

Birds, amphibiQuap 290 

Birclfi, aquatic, 290 

Birds, bipi'dflJ, 271 

Birds, cave, 340 

Birds, CietAcfous, 494 

Birds, cursorial, ^2-264, 266, 272 

Birds, desert, 371 

Buds, dislinetive eWaetera q(\ 492 
Blrds^ dightlcss, 43, 249, 321 
Birds, flyiiig, 327 
BirdSj toif^rial, 276 
Birds, Imgivicurous, 41 
Birds, gealogic record of, 494 
Birds, Jurasaic, 494 
Bird$p land, 47 

Birds, Mesozoic, source of, 326 
Birds, migrations of, 46 
Birds, origin of^ 274, 491—190, 005 
Birds, leptilianp 319, 326*' 

Birds, reptilian, first, 77 
Birds, rise of, 66 
Birds, scfljisorial, 304, 311 
BirdSi eea. 201 
Birdfi^ TeiiiMy, 495 
BirffUMt 59 

439 

Bitterling, 244 
Bianaga, 364 
Bison, 48, 681 

Bison, extinct, in asawatioii with 
man, 675p 676, fiSt 
Bism 19, 216 

Bvon QJiliquK^r ^75 
Bivai^'CSj 59s 1^7 
Blackfellows, Australian, 639 
Black Sea, as relic seas 63 
Hlsatoidca, 23 
Blssttda, 17% 172* 

Blue-fiefap 201 
BoarSp 1^ 

Bofts,46, 201 
Bfibolink^x 204 

Bodily contour, sec C<m(our, bodili^ 
BaUcphiholTJiUg, 441 
Bombi/x 134 
Bone Cabin quarry* 470 
Bones, in aquatic typee, 292 
Bofusj in s-olant forma, 320 
Bonn Muj$ouiu, 682 
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Borhjfxna, 6Z8 

Bomfio, iwogco^ptucAl realm lepre- 
scnted in, 50*^ 51 
Bos irviiatt^ 19 
Bcihriokjm^ 431 
Bovidx, 19^ 607 
Bowfin, 41 
Boirheadj 541, 552 
Bmehiation, 307, 649 
Brachiapoda, 23, 32, 44,154-187, 364 
BnocAto^auruj, 465, 466 
Brod^put, 312 
Brain, humaiij 660* 

Bmin, in aquatic type^ 291 
Bniltn in archaic and modem mam- 
malfl, 506* 

Bmin, in vaiont forms, 321 
Brain, in whales,^ 660 
Braaoh ruimem, 306 
Bronnhuwiurus 454* 

Bnancftipttf, 149 
Breeding, CTQtas-j 116, Il7 
Brciiitp 114 

Br^gc, T. W., 443 , 44S, 447 
Brine-Shrimp* 146 

Britiah Mu^eimi of Natural Hisfcoty 
344, 4S3, 494, 560* 570, 6S5 
BrittlE^lam* 354 
Broca's area* 679, 653 
Brtmkaaurwt, 171, 136, 191.303. 465 
466, 475*, 478, 669 
BronloKim'tis aoehus^ Plato XT 
Brocm, R., 274, 499 
Brown, Bamum, 453 
Bmwn Uni verity MuBctim, 329 
Browning', R^, 340 
Brown-toil tnnth, 126 
Bruidl, Abb^* 688 

Bnusscla Muooum of NaUlral HMory 
479 

Bnita, 630 
Bryozoft, 23* 34, 354 
Bud^Lt, 443 

Bucoog Airea Museum, 529 

BufTato, 233, 697 

BuffaJch, American, 19, 46, 2l6 

Buffon, B, 9, 12, 14* 94, 143 

Buffnnjan factor, 15 

Bugs, 408, 414, 421 

Bugs, preacmxl in amber* 377* 

Burbank, Luther, Ilfl 

Burial, n prercquiaito for fo&dlimtioii, 


Butterflies, I4Ip 197* 202, 204, 205. 

209, 403, 421 
Butterflies, Dzinaid, 211 
Butterflies, dead-leaf, 210* 
Butterfliea, monarch, 211 
Butterflies, Papilios, 211 
Butterflies^ viceroy,. 211 

Cachalot, jfee Sjif^n ^hale 
Cacti, 362* S63, 364, 372, Plate TV 
CactL, barrel, 362 
Caddice-fliiis^ 408^ 415 

preserved In amber* 

CaddE0£swcirin3j 415 
Cxddo&ea^ in caves, 344 
Cwiliang, 23, 42, 277 

CMOi^encrig, 179^ iso 
641 

CaJfifm, 521 
Cofni'j, 402 

C^Tnnchlhfjs^ 442, 443, 447 
'Caievaras skull,” 675 

CaJf^ crahrj^o of, 665* 

639 

CcfforftyniiAEw^ 355 
CoBo^mCa 139 

Cambrian period, 69, 70, 74 
Gamcliii*^ 607 
CamtLrpt, 619 

CoiMUffn PUto XXV 

Ca^k, 19, 4S. 153, 157, 158, 192 

33o* 59.3, 606-420, 634, 607 
Camels, Arabiaii, 60S, 609* 

Dactriaa, 19, 607*, 60S* 612, 

Camels, ehanacteri*tic$ of, 608 

cursorial eiiameteriflrica of, 

^mela^ dentition of* 609 
Comely Eocene* 614 

^cia, hamo tif. 514 

i hi North Artiw- 

ina, 

ancestor of, 614 
CamelB, fore foot of, 607* 

CamcitFi, gaz*!ll(y, 617* 

Camels^ ginwfle-^ 618 * 

Cameb, i^mziqg, 6J9 
Camcb*^-Iieiite,^^ 611 
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CftmelSj hmnp of, 610 
Camclai importaii-oe of, to mafikuia, 
611 

Cuiaels, liiriiig gieiicra of, 60S 
Comold, mentality of, 610 
Camels, Miocene, 616 
Camelif, mule, 60S 
Camiik, Oligocene, 616 
C&iucb, phytogeny of, GIS 
CamelH, place of, in nat^no, 606 
Camels, Plciatooene, 619 
Camels, Pliocene, 619 
Ca^nela^ sensea ofs 6l0 
Camels, uaaa of, 611 
Camels, "wiater retKtv^re ofp 610 
60S, 613, 619 
Canjelus aniifftrti*, 61& 

Campus 19, 607*, 60S 

CoTFifluj l&i 606, 009* 

Camelt4s wwiifflSH', 619 
Camerooni 65^ 

Campodcaf ISO 

Cmqptufiurur, 162, 460ji 467* 468 * 
479*, 481, 483* 

Canids, see Dog^ 

CflAiff, 506* 

Cams aunfus, 20, 25S 
Crnija din^p I24, 255, 639 
Canii 519* 

Coniv fhfFniur, 20 
Canu 20, 2^* 

Cape C*di as barrier, 43 
Caprtwnpa, 307 
Capybara^ 641 
Csxabids, 410 
Caracals, 521 

CarbouiferootB Umc, G9p 76, l85d 422 
CafbonifeHiUfl timed climate cif> 422 
Carchorodon m^flofodcFn, 350 
Cw^nm mxrms, 235* 

Canbual bird, ^1 
Caribou, 4S, 135, 266 

Carinatm, 263 „ . u iai 

Carnc^e Museum* Pittsbur|J>, 101 r 


476 

CarKgt^ pr^nftfa, 362, Plate IV 

Camjroi&i prinalhit 362 __ 

Carnivora, 20, 26, 273, 30G, 50S, 632, 


628, 639, 640, 655 
Carnivora^ cursoriali 263d 
Carnivora, fosHorial, 277 
Carnivora, inlroduction ofr aa 
of extinction of lowar lermSji 193 


Camlvora, origin of, 670 
Carnivora V'era, 6l6j. 517^ 51S-631 
Camosauna, 465, 472 
Carp-to'iJse, 243 
Carps, 41 

Cascadian RovolutiOUp 68j 696 
Caspian Sea, ae mlic sea, 44, 63 
Caff^o^wee, 43, 272 
Cfiatte, W. E., 107* 108, 110 
Cataelyaorij^ 5 
Catarrhim, 643, 647* 658 
Cataatrophism r theory^ of* 3t 5^ 67 
Catcrpiliars. 199, 262, 20S 
CaterpilbJ^r twig-mkiiickiiigp I8l* 
Cat&ahcs, 41 

Cata^ 45, 86, 177, 259, 309, 520- 
531, OSSj 

CatOd ance?ftry of, 625 

Cats, biting, 521 

Catfld bitingd dontiticm of, 52L 

Cats, biting, ja^^ of. 523 

Cats, biting, skull of, 522*, 523, 524* 

CatSp distribution of^ 521 

Cats, domectiCp 218, 519* 

Cats, Felinffip 525-527 
Cats, foaal, 521-S3i 
Cat^!^ phylogeuy Pf| 525 
Cats, aaber-tonth, 193, 521^^ 527-53C 
638, 641 

CatSp saber-tnolh, cause of esdnjctioa 
of, 529. 530 

Cats, saber-tooth, dentilioa of, 521 
Cals, eaber^tootb, jaws of^ 523 
Cats, s^r-tooth, skuU of^ 519*^ 523, 
524* 

CatUep 26, S9p 122, 2l8, 696 
Cattle, wild, 681 
Ca4icaaisJL raeSj 655 
Cave adaptation, see jldopto/wii, emap 
Cave amphibiaiT 341 
Cava oninials, m-CHlihcations in, HI p 
345 

Cave faunas^ causes of production of, 
146 

Cave faunaa, origin of, 347 
Cave faunas, permanent, 340 
Cave faunas, temporary, 339 
Cave fishes, 138, 343*, 344 
Gave floTBs, 33S 
Cava life, 335-347 

Cave modifications, iheoriiiiS to ofi- 
eoUELt for, 346 
Cave salaTniinder^ 341, 342* 
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Crvc^p absence of bucteria iiip 339 
CaveSp flit {currents in^ 33@ 

bAromctrie preissiiic m, 333 
O&vcs^ distribution 336 
ChveSj diviakiiL 337 

liuviroiunental conditiaas in^ 
337 

Caves, food aupp!/ bp 346 
Cav{:!a^ foj-matioa of^ in Umeetone, 
336* 

Cas-nss, giE^olog^caJ age 336 
CavcSj in, 33S 

Cavns, origin ofj 3^ 

CaveSp £ubl4!rrHiiE;!anp 54 
Cavif^, 630p 641 
Cel»dep 312p 643, 646 
Ccbtis, 639, 646 

Celebes^ 2o^io^phjcal realm repre¬ 
sented bp 5L 
CeLla^ stinging, 22 
Celtic pofiT|rj 602 
Cmobita 59 

CeDozQic era, 6S^ 7£>p 77 
Centipede^p 24p 76, 370 
Central Ameri«ip Eodgoographical 
realm repreffinte^ in, 49, 50* 

*• Century plant," 362 
Ccphalochordap 24 

Cepbalopoda, 23, 31, 132, 152, 1S3, 
IS6, 355, 3S7-403, 427, 530 
Cephalopoda, classLficatkpa of, 394 
Cephalopoda^ place of, in nature, 3S7 
Ct^halopoda, rise ofp 74 
Cephalopoda, structure of, 387 
Ctraiodiut, 135, 443, 44B, 447 
Ctrataju, 465, 4S6, 467 
Cdmtopsift, 465, 467, 467* 
C^Tio/ouurus, 4K, 4W, 473 
Cercopitbecidie, 643p ^7 
Cerdoci/m^ 640 
CcFTOj dicrocenaf ISS* 

Cfreus dlapAujp GQ7* 

CflTua w$i'od^rvnfUp 1S9* 

Cemw ISO* 

CflTws nugaceroif 152 
Cerrms jMirdiiumxis^ 1S9‘ 

Cema ^tdgwkkiif ISO" 

Ceatoda, 22 
Vefirocion. 1S5 

Cetacea, 26, 64, 29Jp 292, 5l6, 532- 
556 

^'Cetaeca camivom,^' 532 
'^Cetaeca berbivora," 5^ 


Cetioeauria, 473 
CetMaurus, 465> 466 
CetoffiMnn*^ 355 
CeiorAyncAirf, 546 
CetotheriidfiP, 541 
Cbalicodieres, 632 
"ChaUengerp"' 351, 354 
C^ntzW, 310, 311* 

Chaniberlm, T, C., theory of Terle- 
brate origin held by, 427, 423 
Chameleoufi, ISO, 306, 310, 312, 46L 
462 

Chanieleons, false, 196 
Chamois, 607 
Chaparral cock, 371 
Chapelle-atix^Saijitep La, man of, S32 
Cbaractere, ^uired, set MaeU^~ 
bOfHp at^mnd iahciitancc of, M, 
135, 143-150 

Charactere, imllfferent, 136 
Charaetera, non-bcritable^ 105 
Chametem peciiliar lo sex, how b- 
berited, 105 

Characters, phylogemntic, 136 
Cheeta, 520, 526 
Chtivkm urhiba, 329 
Ch^lcne imbrimia^ 389* 

Chelorua, 25, 2S9, 458 
Cbeslj of aquatic types, 292 
Chcvrotalng, 135 
Chickens, 205 
Chickens, emhiyo of, 664* 

CAiin*7ifl 355 

Chimera ooUiti, 132 * 

CAirM?™ monatmAo, 355 
ChimsirQids, 132*^ 352, 355 

Ch^pan^^ juaglc bp 659", 

06O 

>63, 648, asi, 086, 

China, zcngcugraplucal Raima it?prt> 

rented m, 49, 50", Si 
Chtnchilke, 630, 641 
CAirettaya^ 644 

Ch^mg* madagascaTWTttia, 644 " 
Chironei^, 256 

Chiroptem, 26 
Chirt^nx, ^ 

Ubanima, 324" 

262, 266, 272, 462, 

21 

ChloropbyUbcarmg plants, 23 
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255 

Chfilk,364 

CMapuff, m*, 307, 312 
didad^u^j 308* 
corAtiluA, 343 

Choioi^asler papUiifvujf^ 343* 

Ch^nlata^ ^ 

ChromatopboreS, 19Qj 3^1 
ChroinwMies, 91 
Chrondraeanihm, 242*, 243 
Chronology^ gt^logjcp &7^ 68-69 
Chronology^ of fossil inaiir 378 
Chrysalia st&go, io insectsj 407 
CbryBochloridflhH 256 
Ch7yiiiMJd&n»f 2^p 278p 279*, 2Sl 
Chry^pdea, 323 
Chubb, S. H.p 582 

*fpdtnj«tnip 176 
Cicadas, 135, 408 
Cicadas^ seventoen-ycflj, 176 
Cicindelids^ 410 
Cilia. 21 

Cili&ta, 8CS iTifiL^pria 
Circumdsioii, 146 
Cirrlpcdia, 2^ 

Civets, 520 
ChxdMlocfUf 378 
CladimctWi 6i2B% 630 
Clams, 23, 243 
CfooMurtUp 435 
ClarLe, John M., 675 
Claaaes of uiim&la, IS 
Classkhcfl^oo of or^n^ms, 17-^ 
Clitssifioation of organisoia^ baais lor, 
102 . 
OUwsiGcation, of oTTga^iisiniip bioocsmOj^ 
17 

Classihca^oo of orgHi^mSj kinds of, 

Clasdiicatioa of org^niBrnSr ^ 

marck^a, 11 

Classihcatiuo of ^oiSiog!" 

cal, 17 

aidwtM, 300* 

Climate, chan^ in, 70^ 71, 72 
Climate, chanKca in, as cause of cx- 

tilliCtlOIkB, 1^ 

Climatej effect of, oo freab waten^ 

44] 

Climate, giacia), 73 
Climate, of CarbemiferonsF 4^ 
Climato^ of Cretaceous^ 73, 258 
Climate^ of Devonian, 75, 448 


Climate, of Eocene^ 40j 73, 592 
Climate, of OligoMne, 594 
Climate, of Permian, 73, 422 
Climate, of Pfeistoceoe, 73 
Climate, of Silurian, 73 
Climater of Triasaic, 73 
Climbing animals^ sW AdapUstumf 
rntmaruil 

CUona, 243 
Clover, foor-leaf, S9 
Cluptifomies, 355 
Cobras, 202, 210 
Coedrid®, Bcc /fiMCis, «aJc 
CockToache$K 408^ 409a 416, 422* 

Cod, HOh 216 
Ckelcnterala, 22 
CmLurosaona^ 465^ 466, 459 
Cfr^urus, 46S, 466, 470 
Cmu>pfdebiA orcAwiima, 210 
CmopuSf SS* 

Cold, as characteriadc of abyssal 
resim, 58 

Cok>opterai 40S, 412, 416 
Colonial life, in ants, 224 
Coloma] lift, in bees, 221 
Colonial life, in desert forms, 373 
Colonial liftt iu termites^ 318 
Coloration, 195-207 
Coloration iMse of, 205 
Coloration, vaJno of, 206 
Colo«a ac<iiurecl, mberitancs of> 147 
Colom, aggressive, 193 
Colors, alluriikg^ 198 
ColoFB, biolo^cal slgruficanee of, 197 
ColtiTip chemical, 195 
Cobra, confuKtng, 198, 204 
Colors, indifferenlr IS"? 

Coiora, local, 199 
Colors, mimetic, 193, 203 
Cobrai pbyaicalp 196 
Cobrs, production ofp 195 
Coloiah protective, 198 
Colors, red, in deep-aoa Mies, 123 
Cobra, revealing, 203 
Cobra, oeafltutflJp 199 
ColoMp sexual, 198, 204 
Colors, signal and lecosnitjaii markSf 
198, 203 

Cnbrs, standard faunal, 20Q 
Colora, s^rnipatbetic, 193 
Ci^ors, valuable, 193 
ColOfS, wikrniiig^ 198, 302 
iiwa, 113, 3^* 
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Cqliunii, vnrtebmJj 15S 
CoDib-jcUifs^ 22 
CqirnncQ^AliHin, 27^ 215 
Cominuimlbia^ 215, 218-22S 
ComintiDaiiifqi, in m^xxid, 2l8 
CoDununAlism^ Ld ouuij 218 ^ 260 ^ 6 S 0 
Coinpetitionr 124 
Compromise Schocl^ Sd 
Comp^offnaUim, 464, 465, 460, S70 
Comstock, 411 

Condylarthf^ 50S. 510, 657, 632, 634 

Cmdylum, 280 

Congq, 032 

Comes, 309, 667 

Conifci^, 70 

Coimecticut valley, 272, 379» 464, 
469, 478, 480 
CoatiDental sheli, 53*, 55 
ContouTi bodyi m aqitallc types, 2S4, 
291 

Contew, body* in cave types, 345 
Cobtourp bckly, in cur&Dr^ typcsi, 263 
Contour, bcxly, in fwoKmal types, 277 
Contour, body, in borscs, 5^ 
Contour, body, in scansoriaJ t^ijes, 
307 

Contour, body^ in volant types, 316 
Cobvcr^iiDoes, La cave animaJs, 340 
Cook, H,. 070 
Coots, 297 

Cope, E, D., 71, 144, 156, 150, oil 
Copopoda, 653 
CopepodSp paraidtic, 242 
Coprolites, 380 
Corals, 22, 32, 44, 354 
Coraia, chain, 379* 

Corals, polyps of, 22 
Corahi, atocka nf^ 22 
Correns, I06 

Coryph&dtm, 500*, 512*, 502 
CtnythoMurm, 405, 407, 432, 433* 
Cotylosaufia, 460, 403 
Counterpdse in hipudal forms, 372 
Coyotea, IS* 20, 252, 369, 371 
Coypns, 030 
Crab pafosilf, 2^. 235* 

Crabs, 24, 203, 235, 350 
Craba, hmait, 27* 

Crabs, horeeahno, 24, 404, 430* 
Craba, l&nd, 59, 439 
** CnuJhE^ nf evoliiiioo,^" 56 
Ciampton, G, G-. 419 
CramptoQ, H. E., 20, &5, 110 


344 

Crania, 135 
Craniata, 24 
Craytish, 170 
CrayOsh, cavo^ 344 
Creation, 4 

Cit^atiun^ iipecia!, 3, 4, 7, 8 
Creationiamj 3 

Creations, suceeaaive^ repopulatJon 
by, 3, G 
Creator, 4 

Otcodoou, 257,3 to, 503,509** 
Cretaoeous biida^ 494 
Ctetaecona dinoeaura, 490 
Cretaeeous-Eodebe cold climate, 73 
Cretaeeotia period, 03, 70, 77 
Cretaceous period, dim s to of, 73, 258 
Critkot^, 134, 135, 138, 421 
Crickets, rave, 341 
Cricketa, mole-, 409, 410*, 411 
Crioddc^ 23, 32, 44, 354 

Cj-KjeercLf ^ 398 

CniUiUUay2& 

Crtswdil^ 25, 42. 01, 168^ 461, 4G3 
Croeodilin, aneient, 453 
CrocodiJia, diatributioo of, 3S 
OocodiitB, eea^, 204^ 295^ 297*, 461 
Cr0-Magnon man, 078. 087, 089% 
090, Pkto XXXI 
Cra&jHbreedin^, 115, 110 
CroHopteO'^, 442, 443, 447--45Q 
Crustacea, 24, 34, 1S7, 377, 404, 418, 
440, 539, 552 
Crustacea, pafasitic, 242 
Cr^ptod^uE, 294* 

208 

CrypUfprocta^ 520 
Ciypt^ptaros couatti, 357* 

Cfyptoww subrealm, 54 
CteniopliDra, 22 
Cuekoo9r 43, 311 
Curlew-sandpiper, 43 
Cursorial adaptation, aoo AdaptcUimr 
tanwriai 

CuttlssEahes, 337, 401*, 402 
Cuvkr, 5^ 0 , 12 , 07, 401, 521, 647 

375 * 

Cycade&idfa 373* 

Cycads, 76, 378. Plato VII 
Cycloatomata, 23, 190, 442 

Cynainnw, sec Aciiwny^^ 5^ 
Ctpuxcphjdui, 047 
CjTiodontta, 49® 
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C^fon^ 040 
Cyprus, 145^ 103 
Cyrtoet'rufsODe^ 303, 395 
C^ioctras, 1S4> 306*;^ 397 
C^I^Hodeiphii, 547 

Dtu:iylopi4mi3, 323 
Dadyhplerus wfiVimj, 324^ 

Dftll, W. H., 144 
Danais arddpyuSj 211 

DaphjfTiQiiim ^upcrbtiif 618 

DAm'^in, CtmilcSj 9, 10, I3^15h 53, ©2, 
84, S5, H 113. 114, H9, ISO, 124, 
129, 131, 137, 138, 143. 243 
Darwin, Erasmus, 0, 10> 12, 10, 143 
Darv^nmAm, 7i 147 
Date pfiJnkj 3450 
Dann^on, C., 635 
Dead Sea, 306 
Dean, Bastiford, 378, 447 
Death, 177 

Death, elmulatiou of, 212 
Decapnda, 355, 394, 390 
Deep sea» bionomic features oU 349 
Beep Bea^ distance U> which UgbL 
peiKtratea iht 34S 
Deep Bca, extent of, 347 
Deep Sea. ftjcxi Bttpply utj 351 
Deep eea, inteoBC cold of. 34S 
D^ep Bea, phyeicaJ ohaiacteristies ol, 
343 

Beopeea, pressure w, 348 
Deep sea, alowniiss of movement 
348 

Deep-tsea aidapiation, sec Adfapicfiojii 
dfty-tfa 

Deep-sea aiuniAls, a|^ of, 50 
Dee|>sea ammals, oolom of, 352 
Deep-sea animald, eyes of. 352 
Deep-sea animals, frailness of h 352,355 
Deep-sea animals, maaticatoiy poT^^ers 
of, 353 

Deep-sea animals, aiie of, 356 
Deep-sea fauna, 351 
Deep-sea fauna^ adaptive charactera 
of, 352 

Det^p-oea fauna, Ln\'ertebrates, 354 
Deep-sea fauna, orijdn 
Deep-wn fauna, aummao' of, 354 
Deep-flca fauna, vertebratis, 355 
Deep-aea fauna, vertical dwtHbution 
of, 353 


Deep’Sea fiAhes, 128, 197, 357* 
Deep^'u fishes, care of young in, 34>3 
Deep-sea fwto, phosphorescent in, 
853 

Deep-sea ftsbes, tweiiie organs in, 352 
Eteep-sea life, 347-358 
I>t|>-i9ca life, environinent of. 347 
Deer, I9, 26. 43, 45, 135, 137, 157, 
188, 204. 253, 274. 559. 505, 007, 
076, 607, Plaits VllI 
Deer, dhitrihiitioD of, 39 

Deetp failowj 201 

Beer, Irish, SS, 120, 152, 154, 18S, 
382 

th^i muBk. 259 

Deer, red. 607 

Deer, Virginia, 201, 203 

Dt^neracy, 129, 180, 229-245 

Z>eifMKf{m. 465 

Doinodonts, 460 

Delager ^70 

Delphinapterins, 548^549 
Lhtphinaptfrux, 294. see also Beluga 
Delphinidttt 541, 542, 547. 548, 651 
lklphinus,3ai^^^ 

Iklphinm hatrJti. 55D* 
iMlphinu^ 550 

UfjtdroAym^. 307, 309 
250 

ur«nna, 240* 

DcUllLioD, see Trtih 
Depaupemtion, in cave animal^r 345 
Dep^tet, 5, 6 
Deaaguedero River, 366 
Doat*rtea, 7 

Deseado formation, 623, 624 
D^rt, as barrier to dispersal, 39 
Desert, cbamcteristica of, 350 
Desert, nstent of, 350 
Desert adaptation, eco 

I>ufiert animals, charaeteriied by 
speed, 275 

De^rt aannals, eolonial Bfo among, 
372 

Desert animals, color of| 360 
Dcfiert animals, defense of, agaunsl 
sand, 367 

Desert animale. defense of, a^net 
tempeniture extreme®, 367 
Desert animals, inteUigence in, 372 
DeseK animab, lack of fierKpiradon 
in, 363 
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I>e 9 ert animalfl, moisture-cwiserva- 
tioa in^ 362 

Desert frumiAls, nLowture^ttiiig m, 
361 

Desert uninii^i senses in, 372 
I>e$€!rL speed Qfp 371 

Desert animals^ vcnmp 369 
Desert ctimmiuuElcB^ orig^ or, 372 
Desert life, 360-374 
Detpiirt life^ origin ofp 373 
Desert Ufe, Burnmary of, 373 
Do&c^rt plants, anchornge of, 364 
Desert plsots, avoidance of evaporar 
tian uip 363 

Desert plant?, cliemical character^ 
irtics of^ 363 

Desert plants, form of, 363 
Dusert plants, hainness of, 363 
Desert plaat?p mEsajas of defense in, 
364 

Efesert plants, moistnrG-conKrvatioa 
in, 361 

Desert plants, moktuie-gettlng iDp 
360 

Desert planta, ^pkii^aecnoq inj 364 

Dmip 61 

Devonian :6s1ieSp 44S 
Devonian footprints, 443, 450| 461% 
452 

Devonian period, 60, 70, 7S 
Devonian period, climate o% 75, 44S 
DeVries, 106 
Dhob, 6^ 

Diabrol^ KrOr, S3 
DiadiaphoruSr 164*, 634, 635 
Diatom oodco, 350 
Diairyfmr 436 
Di&fZodbn. 39, 571, 577, 5SD, 640 
Dibihdm Andinm, 577* 

Dibranchiata, 3li4, 300 
DictraiopVf 4^ 

Dicotylidff, 607 
DfbvK^nod<7n, 503, Plate XVI 
Dicrociftuxlon mdPT, 503* 

DCMphi* ifiaraupwl/tJ, 254* 

DtddphiE ilVffininna, 212 
Digit^ in scansmial E>i»3, 3l0 
Digita, ioaa of^ in curenrtal fnrmB, ^ 
Digits, modification of, in fowrial 
forms, 279* 

Dil^t?, njductioD of, in arboreal 
forms, 312 

thmorpbic species^ 211 


KngOp 124, 193, IH 257, 639 

Diinicftf^ 624% 626, 626* 

Dimwf™, see 660 

Dinocerata, see Uintsthepes, 514* 
Dincfianria, 26, 168, 160, 171, iSfl, 
laS, 1S9, 262^ 2i^, 266> 271, 272j 
202, 322, 402 , 453, 461, 46^92, 
533 

Dinoaaiiria, amphiblouiS^ 402^ 456| 
466,697 

Dmoaaijria, ancestral stock of, 463 
Dinosauria^ artnomd^ 152, 466^ 483^ 
4S4% Plate XIII 
Dinosaiiriaj beaked, 466, 478-486 
DinosanHa^ bipedal, origin of^ 695 
Dinoflauria^ carnivorous, 272,455,466, 
46S% 459, 470% 472, Plates IX, X 
Dinosauriar rtasBification of, 466 
Dinosauria, contraat of pbyla of, 467 
Dinofisuria, Cretaeoaus, 490 
Dinoaauria, distribution of, 453 
Dinosautia, duck-billed, 481, PlatoXII 
Dmosauria, duration of, 463 
Dinosaum, ejrtinedon of, 4S1, 697 
Dinosauxia, habitat d% 454 
Dinosauria, babits of, 464 
Dlneeauria, herbivorous, 271 
IXnuaauria, homed, 162, 465, 437% 
4SS* 

Dinoaaurm, JutassiCj 4fi9 
Dingeauria, hying mlativcs of, 463 
Dinoaaurxa, place of, in nature, 4C2 
Dinoeaurta, predontate, 456, 479% 
433* 

DinoBauris, of, 68 
DLnosaufia, Tolationshltie, schema of, 
456 

Dinoeauria, saturopod, 162, Plate XI 
Dinoeanr|a, size of, 484 
Dinof^uria, aummary o% 4S8 
Dinosaurta^ Triassie^ 489 
Dinnawiria, unarmoied, 425,478,4S3' 
Dinoaaum, Age of, 462 
^nkhrnum, 458, 571, 574 % 575 
Dipathtri^im mVnnteum, 574* 

^fKrf^efiirrn 575 

5^6 

IHpladocuA, 15Cbl62, 189, 303, 465, 
465, 474, 475% 475 
Diploe, 561*. 562, 566* 

Dipnoi or Dipneusd, 25.60.442-444% 
445*«M9 

Oiptera, 498, 409, 412, 43X 
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447 

Diput, 273^ 

DiisaeUimsp ziatu^, J£2 

Disciksej bactciria of, 231 

DisesuMr'p ^rms off 122 
Swamp 343 

Diaporsal of Bmimakp. see Z>iairtUjiHrti 
Di^sacujt^ 510 
Diatinct. creaiiOJas, 0 
DislribuUQii of animulsp barrie^ t^p 3C» 
ID’i-^UibutiuDi of aniiuals-j. bsHiera tOp 
clifiiatiep 37 

Dialjibutioa of animals, barneta to, 
impunty of seawuterj 44 
Distribution of aiuniiflilfin bamof^ tci'+ 
increase of moiatun^^ 39 
DiattibutioD of aninmlSj bamera to, 
lack of moisturej 39 
Distribution of animalfip batiiciB tOp 
lack of salinity of seawater^ 44 
Distributiun of anjinalai bamera to^ 
Ifijid masses^ 43 

Distiibiitiop of animalsp bamera to^ 
bodies of watclp 41 
Distribution of aniiTiBlSi banic^ra tOp 
topo^raphiCp 36 

Distribution of animals^ bamcis 
%"Cigetativej 39 

Diatributioji of acinialap batbymetric, 

35, 52-66 

Bistributiun of aniinals, dlaeontmti' 
ouflp 35 

Distribution of an imab p gcograpluep 
35-51 

DiatTibutiou of aDinials, gcolog^cal^ 
35,67-75 

Di 5 tribntion of animals, klmfe ofp 3 j 
D iBlribulJon of animalSj limited by 
food Buppfyp 40 

Distribution of aniniHJbp means otp n 
Distnbution of aulmale, means of* 
driftivDodp 45p 46 

Distribution of animal* means ofp 
favoring 46 

Distribution of animalSp means of, 
land brid^, 44 

Distribution of ammslsp means of, 
natural rafte, 45 

Distribution of aniiufliap migrations, 4? 
Dislribulion of animeiSp aectsaly foip 
36 

“Divergence/" 246 
Dobson, G. E.p 309 


Dodge, Cob R- 216 
Dodo, 327 

ZJtediairue, 4SG, 637^ 63g 
"Dog-man/^ 97^ 667^ 

DagPp 20, 26, 145, 147, 177, 252, 259p 
264, 267, 5lSp 519*, 640 
Do^ bush., 640 
Dogs^ poinuir, G2S, 629*, 637* 

DoUo, L,, 447 ^ 

Ddlopitru^^ 325 

Dolphins, 26, M, 101*, 154, 301, 5S9, 
541, 542, 547, 549, 551 
Dolpbina, Gangedc, 539h 541, 547 
DoIpbmSj La PlaUt, 547* 

Dolphioi^* round-hc^edp 101*, 29S 
Donuistic animalSi, 213^. 673, 697 
Domestic plants, 673 
jDef^AojTS drefmifncoio, 125 
DrafiOp 316, 323, 462 
Druoff Mj^ons, 316* 

Drugon-fliear 408^ 409, 414, 415 
Dragoua, 316% 325h 326, 462 

Driffwof^, us means of disperaalp 45- 
46 

Dn)mdfAiriu.FB, 501 
Jhwivilhrritrm Jryfew-ifrfi, 501* 
Dromeu^, S09* 

DTWTrtOCpflfi pwtw, Plato XVir 
Drumniond, 221, ©62, 667, 66S 
303 

Dryofjnihtctar 
Dryp4o^urua^ 465, 466 
Duboia, E., 679 
Duok-biU or duck-molej 256 
Ductfip cider, 204 
Ducks, wood, 294 
Dugong, 253, 297 
Dunbar^ O., 57, 72 
^■^Dutie dwolleiB/' 634 
Dung-beetle, 138 

Dutch clover (Trifoitiim repeas), 124 
DuvauccI, 659 

Eaglea, 176 

EutSh lu ampbiblous types, 293 
Ears, in aquatic types, 293 
Ears, in bats, 322 
Em, in fosaorial types, 273 
Eatih, age of, 71 
Earthciuakes, 122 
Earthworms, 23, 100, 423 
Earwigs, 408, 421 
Eaton, G. F,, 327 
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Ewks, E, G., £29. 231 
36, 277 

l^lkiniMkrniiktB. 23. 33. 354^ 437 
KchinodormAta. larval. 437* 
EciiinutloTiniiLa. me 
J&AinoideR, 23. 44 
EcitoTi, 224 
Ectocochlea, 394, 395 
£c£<ipftrfuiitee, 231 
ISdaphoikHiruti 182, 468 
£(icipAo«ciHn^« €run^j 459* 
lukntfita. 26. 515, 649^ 550. 627. 630. 
636, 041 

EdcntBiAn fqesorial. 276 
llel-Iike form, h£ aign ef djegcocracy, 
lOO 

I^ok, 60, 64. 2S5. 366, 427 
EcEs, "'guJper," 189 
ICrk, 169 

Eigenmann. C. H., 138.141.146. 3|3, 
347 

Elmer. T.. 144. 

EbipldA^, 210 
Elap9, £I0 

Elakosobranehii, 25, 356. 442 
Elephante, 26. 36. 38^ 40. 4S. 56. 110, 
121, 1S7. 317. 31S. 275. 279. 516. 
530, 557-5S3. 633 

Elephants. African, 38, 145. 1S7, 
302*, 559, 560. 563. 564.566* 571. 
5S2*. 563, PlftM XXI, XXin 
Ekphjuits, of. 176 
Elephjuitfi, anatomy of. 558-‘565 
J^Iephantfi, anceaitiy of. 572-582 
Elephants, archaic chataciere of^ 558 
liUephonts. Afiiatie, /n^ 

dian 

Elephants, brain of, 5G4, 660 
Elephants^ dentitinn of,. 561 *j 562, 
563*, 5^s 5€&* 

Elephants, dwi'arf, 145, 193 
Elephants, early Tertiaay, 572 
Elephants, embryonic, 566* 
Elephants, cvyenecs for evolution of, 
566 

ontogcnrCtje, 566 
phylogenetic!, 567 

Elephants, evidutioa of bead and 
molar teeth in, 669* 

Elephants, fofo foot of, 559* 
Elepliants, imperial^ 40. 302, 5fi0 
Elephjuitit, Indian, 38, 660, 563^ 564 p 
571. 5S2*. Plate. XXIII 


El^phants^ Jefferson, 88, 129. 154. 
580, 582 

Elephants, llmbe of. 560 
Elepha^ts, hving, 582 
Elephants, lower jaw of, 568 
Elephants, mentality of, 564 
Elephants^ malar toath Siuecession in. 
562 

Elephants, neck of, 560 
Ekphontii. phylogenetie thnntes in. 
567 

tsize. 5G7 
dentition. 567 
tusks. 568 
proboscLSj 570 
lower jaw'j 56S 

ElfiphantSj pbylogeny of. 571 
Elephants, place of, in nature, 557 
Elephants, probeeeis of ^ 560, 570 
Elephants, senses of. 565 
Elephants, Mze of. 559, 567 
Elcphanis. EkektaJ sLnicturos of, 559 
Elephants, skull of. 561 * 

Elephants. epiaklimlJons oT^ 559 
Elephants, true. 579 
Elephants, tusks of, 563, 563 
Klephants. war-. 38 

40, 382, 562. 567. 569*, 571 
ElephcA antiijuus, 560, 537. 580. 681 
fflftfwdjf, 40 

BkphoA impemfor, 157, 5S0* 

Eiepha^ indmjff see Timsimui 

5S0. 581,582*. 676 
Eiephaii ffioiiimv*, 559*, 561*. 563*. 

582*, Piste XXlIl 
Eleph^ m^rbH<maUs, 187, 560, 5SD 
Eli^pfuis jseo 

ieui prfmtiflinnuj 
^'Embranchement/' 246 
^brionic stage, in life cycle. I7l 
Embry'Ofl, lialcen whak^ 540 
Embryos, vertebrate, 664*. 665* 
Eniergenee of ttfrestnal vertebratfej 
439-^37 

Emer^nee of lerreetrial vertebrat££!j 

cause ofr 439 

Emerjsence of teirestrial veitebral'CS^ 

cause of. enemies in the water’. 
439 

food on the looik, 440 
lure Elf atmospherie oxygen. 440 
recumni:^ of unfavor^le enviroG" 
ment. 440 


I^DEX 


715 


EmoTi^co of lettcaLrial viert&brateei 
pl&c« of^ 439 

EniergvinCG of tcrniwtrifil vertvbraites, 
tiepin ofj 448 
Emeryj 141 
Empi^deleflp 6 

Endoctrtvtf ^5, 39C 
Eodowchkat 3*94, 89^ 

EiidumixUp 91 
EudoparasiUiQp 231 
f 82 

EnU^lodontidi^r W7 
Ent^hni/chia, 832, 833j 634 
Entcropnfiiista, 436 
Environment, cliaDgra in, bs cwjat of 
dxtinjctioii, 191 

Environmeiitp mifavorablci Jis cnusc 
of wrtebniLe emer^nce, 440 
Eo&nthjfopus, 678 

EoanihnjpuM efauuom, 6S5, 6S6^t 1*^"^ 
XXXI 

Eocardia, 629^^ 630 

Eo«oim o&mols, 614 

Eocene epoch, 44, fiS, 70, 78, 624 ^ 

Koocoo epoch, climato ofj 40, 253, o02 

EkKene horBes, 592 

Eocene primates, 40 

Eocene whales, 540, 542 

Eohipput, 590. 591, 592^ 503' 

EtncMhys fum^Uif. ^7 

E&tiian&pt ffn^foryi, 155 

Ephemerida, 407, 421 

Epthipjnit^ 591, 593t 616 

Epochs, namie flfj 70 

Equldffi, Horwff 

Eifum, 259, 591, 600, 635, 640 

E^fuuB a/T-Uanittf. 603 

Egwus annt», 116, 603 

E^uus beds, 626 

^jwiH colKiffu^, 116, 267*t 588*^ Flat^^ 
III 

Equut Jbanff, 270^ 603 
Uid^i 676 
OTHtper, 253t 270 

£puu« Kpiiif 600^ 601*1 Hate XXIV 

Eras, 67 

Er^ioBy 371 

Erti}iit(m, 309 

ErgasiltiB, 242* 

Erinacttdsi, 252 
EriiificeuB^ 252 
Erminu, 200 
Er^pBj 450* 


£jic^u3, 613, 619 
Eski mo^ 68S 
Esociiurmes, 355 
^Essck,” 539 

Eiemiiy ol present conditioner theory 
of, 3 

Ethiopmn aotSfieogiaphicaJ realnp, 39;,. 
49, 50*, 51 

£tj5o£amo auj^ofts, 533*p 556 
plodofii. 556 

EubAkBua mysatioetna, 533*j 534* 
555% 556 

Efiblepliii daowfn'j 42l 
Eucopepo^j 242* 

Euglenn piVtdii, 29 

flcmstofw, 27* 

Eupelauruj, 330n 331 
EuproiHs dirgtdrrkae^f 126 

Eaproioifonia^ 511 

Eura^ifiJi zoqgcop^phical realm^ 39 
Enrinodclpltida, 541, 546 
Eurinodti^dtis, 546 
Etirope? fossil man in* 677 
Europe, zoOgjeo^phical realm repre¬ 
sented in, 49, 50* 

Eui3rpterida (see also Meitwtonics), 
418 

EurypteridSj 418 
EiAryjyix!rtis Jacherij 43l* 

£iLa7n£fi^Ai 525 
Eio^hm/fpiermy 450* 

Enthcna, 26 
Evans. A. H., 318 

Evaporatlonr avoidance of^ in desert 
forma, 363 

Evtiiution, factons 83 
Evolution, hiflUiiy of, 3 
Evolution, inorganic, 6 
Evolution, law of irreveralbiEly of, 
249, 250, 527 
Evolnlion, orgaiiitj 3 
Evolution, organie^ theory of, 6 
Ewart, J, C^i 93j 207 
EiocxUdd^i 325 

3^, 323, 325 

322 * 

Ejctinclion, 190-194 
EKlinction, causes ofi 101 
Exllnctkina. wholesale, 79 
Eyes, in amphibious typoa, 293 
Eyes, in aquatic lypes^ £84, 293 
Eyes, in cave animals, 345 
Eyes^ in deep-sea auimalfl, 352 
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Eyes, in foesonal types, 278 
Eyea^ in volant fCH-me^ 22 L 

FAmilicsj of organiamBp 18 
F^Mcioia hepi!tiiea, 289 
Fs-tt layer of p in aquatic mammaUp 2W 
Faunaai marine^ femt known, 

FayOni, 572 
Fefither-fitani, 22 
FeatbtrSj 317^ 318* 

Feetp in aquatic types, 297 
Foetp In cuifiorial lypesj 284 
Feetp in deaert forms, 3^1, 803 
Foety in fo&aoriai lypea, 279 
Feet, in Bransorial formSj 309 
Feetp mun^prchnnaile, 309 
Feet, of arttodactylep 607* 

Feet, of qaaudlBp 515* 

Feet, of elephantSp 559* 

Feeth 592* 

Feet, of Hippariim, 600* 

Feet> of H^pohipptiii 505* 

Feet, of man, 6^ 

Feet, of miiaupiab, 249* 

Feetp oF Mewhippuv, 594* 

Feelj of moles, £79* 

Feetp of Phen^codti^, 510* 

Feetp of Fiiohippusr 502* 

Feet, of pseudo-borses, 154* 

FeeL^ of rhmoctats*^ 266* 

Feet, of aalamandcr, 452^ 

Feetp of woodpecker, 312* 

Feet, postures of, 2^* 

Feet, prebcnjilet 309 
Feetp reptilian, 451* 

Feet, udprof^'^ve, as eauac of ex¬ 
tinction, 193 
Felidae, ace 
FellEue, 52lp 525, 640 
FeJinae, dooUtion of, 521 
Felirue, jawa of, 525 
Feline, skulbi ofp 524* 

FeUs, 522*, 524, 525, 527 
Fflv atroi, 527 
Flitf bftbiV 527 
F^U caffm, 521 
Filis conedffF, 521 
F^ftj dameMti&l, 519* 

/>7u leo, 52l 
Ftiis oned, 521 
Ffii* pardfis, 521 
Ftii» iigrifr 521, 523 
Ff/ta unOul, 521 


Ferae, 20 

Fems^ modem, 76 
Fevtr^ East Coast, 232 
Fever, malarial, 2^ 

Fever, quatrain, 237 
Fever, tertian, 237 
Fever, Texas, 232 

Fii£s, caudal, in nmrine mnmmals, 297 
F^P caudal, of ichthyosaurs, 296* 
Fins^ pwredp 2B5 

Fins, pained, primitive function of, 288 
Mna, unpaired, 285 
Fins, unpairedj loss oft io omerpng 
Vertebrates, 449 
Fireflies, 133 

Fishes, 25,31, 133, 176, 216,284> 440p 
448 

r^es, aiativatin& 499 
F^ea, a3>hnjatbiDffi 441^ 442 
FiflbeSp anadrometja^ 41 
Fishes, armotod, 25 
Fishes, arrnoredp rise of, 69 
Fishes, caladromous, 41 
Fisbee, cave, 133, 343* 

Fisbefi, cbiMseroid, 132*, 352, 355 
Fisbea, deeinsca, 128, 197, 352, 357* 
Fifibesp diplioan, 25, 60, 442, 443, 
444-, 445*, 447, 443, 449 
Fishes, embryos ofp 664* 

Fishes^ first known, 74, 427 
Fishesp fiying, 65, 314, 322*, 324*, 
325, 333, 440 
Fishes, fre^a^ter, 440 
Flshe^ fresb-water, dtstribution oft 41 
Fishcsp RHJioid, 25, 442, 447 
Fishes, in ^ 

Fishes, lung-, 23. 60, 69, 165^ l90t 
442, 444*, 445* 

Fishesp 3un^.bn>athlnK, 499 
Fighes, migrations of, 48, 63 
Fishra, modern bony, 25 
Fishesp pipes, 133 
Fislus^ acimfforiaJ, S04 
Fishes, Jdiark-liltc, 75, I3l 
Fishes, stick|(>back, 148*, N9 
teleoet, 25, 190, 441, 443 
"Fish plate/" 427 
Fissipedia, 61S 
F"ittest, origin of the, 6, 7 
Fittest, survival of the, 7 
63*, Mc Ehn 
Flagella, 21 
Flata^ 55, 56 ^ 68 
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Fk'ea, 230, 243, 40S 
Flies, 40S, 421 
Flies, iiauBC-p 144 
Flij^ht, clasMiiSication or, 314 
Flight, origin of, 492 
Fliglitt ori^n of^ arboreal, 493 
Flighty oHsin of^ cnnsonfll, 462 
Flight, ori^n of> Heilnumn's theory 
of, 493 

Flight, passive or fliding, 314 
Fligbl, true, 314 
Floras, coal, 75 

Floi^t tand, first knowa, fiO, 7S 
Floras, modern, 77 
Floras, Permian, 76 
Florida, fossil man in, 676 
Ftofrer and Lydekkerj. 2E2, filO 
Flowor-flies, 211 
Fluctuations, SS 
Food, in caves, 346 
Food on landa, as cause of vertebrate 
emerf^Doe, 440 

Food supply, nfifect of, on growth, 
Food Bupply, influence of, on dis¬ 
tribution, 40 

Footprint^ oarUeat known vertebrate 
75, 448k 450, 451* 

Footprints, fossil, 3S0*, 452 
Foolprinia, fossil, in tie Graud Can¬ 
yon, 453 

F^ootpiints, fos^j of amphibia, 452 
Footprints, fossil, of diiioaaur^, 464 
Foraminifera^ 21, 3 I.k 44, 350 
Fore limbSt 8™ 

Ftrrmt&i rw/n, 225* 

Forms midpcnded beneath branches, 
300 

Forma si^HngiDg by fore limbs, 307 
Fch^^ 520 

Fo^l Gelds, Tertifti^^ 381 
Fo^lizadoD, comlitions for, 3S1 
Fossils, 72, 375^386 
Flails, aetual preservation, 375 
Fossils, ddinition nC 375 
Focwila, Geld U-^hniquEK 383 
Fossils, footprints and India, 380* 
Fn^bfK froMia in ico, 3T5 
FossiL'i, natural moulds, 370 
FoHStla, nature of, 375 
Fossils, petrifaetion., 378 ^ 

Fo^ils, preserved in amber, 377* 
Feeidls, aigiiificance of, 384 


Fossilapiiubseouent vicissitudea of,^ 
Foe^rial adaptation^ see jldajPfnfiofi, 
fcASQrinl 
Fowled 204 

FoscBk 18. 20, 252, filSp 039, 676 

Fosee, Arctic, 200 

Foxes, red, 198 

Foxes, BilvtT, 108 

Free-living organisms, 26 

French Guiana, mammoih tooth in,40 

FrigSit4>bird, 61 

Frogs, 25, 38, 4l, 42, 61, 131, 133, 
173, 174, ISO*, 181, 449 
Frop, Gyingp 325* 

Froga? tree-, 309 k 325* 

FuuetJODal disuse, inheritance of re- 
Bulln of, 104 

Fundyj Bay of, tides in, 55 
Fungus, gymbioUc, 29 


Oadifonnea, 356 

Gadow^ 41 j i33d 144, 309, 342, 368, 
371 

309 

3l3 

Gakpagoe lakndas, 42 
Galapagce sta-UzardK 62, 287* 3b8^, 
462 

Galapagos tortotM, 84 
GaU^piihicuAy 253, 307,3l7*, 331,332 
Galeopitheeuit 332 

vohwff 317*j 332 

Gall-flies, 408 

Gallon's law of ancestral inheritance^ 
lOo 

Gallon's kw of Glial regression, 106 
Galvestcm, damage to, by storm, 122 
Gamble, F- W.j 199 
Ganoideii 25, 442, 447 
Oanoidei, lobfr-finned, 442 
Garpikes, 41^ 205 
Gaskelh 432 

GQsleTmt€%ii mkpArocfvaK 148*, 149 

Gfl^uopoda, 23,59, 1 S^k l^T. 355 k 440 
5iMrdiiK 356, 357* 
Gastriik, 171, 172* 

Gayid, 19 

Ga^elk^sJuels, 613, 617* 

Ga^^'llcs, 199, 200, 366, 369, 371 
Geckwwt 305i 309* 371, 461, 462 
Geckoes, 6>ing, 325*, 326 
Ge^nbaur, 416 
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GeildCp A., 375 
Gtrtumiies^ S4 
Gencfa, 19 
Gcisesisp 3 
Gtayt, 519* 

liffTtTm^ 519* 

Genus, 21 

IS® 

Gtifflbiotic n^nip 52, 54 
GeoJopc chronnlogy, @7^ 53-69 
Gwlogic history, oomporeil with 
hunmnp 73 

Geologic history, suniEoaiy of, 73-79 
Goolowc time scabp e8-6&, 7l 
Geologic time scale. South Amertcan 
625 


Geometrid moth^ 20S 
Gcoiuctrid moths^ bavm of, IQQ igi 

Geo-pl^ktoiip 31 

GeoaatjTM, 294p 297* 

Germ-pUsm^ 01, 92p 05*. 06 
Gcftn-plaaiQ, continuity of, 95* 
Germ-plAsin throiy^ Weismjmn's. 04 
Gho^-khar^ 253 

Gibbons, 162, IflSp 306, 308, 343- 
650, 672, 679p Plate XXVII 
Gibbons, locomotive powem oh 649 
Oi^niocam^imf 613 
G^nioplerwf, 325 

GisanfiHiQunAt, J86, 465* 476% 
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Gila monster* 202* 360, 372 
Giil-breatlungp 455 
Gills, internal* loss of, in eniefinnf 
vertebrates, 4SJ 
Gilla, tracheal, 413* 4|4* 

Ginkgocs, 75 
Giraffe camels, 613, 61S 
Giraffes, i53, 607, 619 

Gimffid*, 607 
Glacial period* 6S* 73, 75 
Glaciation, Permuko, 69, 73, 75, 275* 
499, 695 

Glaciation, Pleislocene, 63* 73* 499 

620, m 

Glaciation, Protemzoic* 73 
Glanda, ductless, 92* 140 
Glands, endocrine, 92* 140 
Glandc* intef^ttal* 140 
Glands, liver, 140 
Glands* pancreatic, 140 
Glands, reproductive* 140 
Glands, salivErj', 140 


ClaiKls, saJivwy, Jds 3 43 f, in aqualia 
types, 290 

Gk^ akin, loss of, in aquatic types* 

Glands, ^plLea, 140 
Glands suprarenal, 140 
Glands, thymug, 140 
Glands, thj^oid, |4D 
Oiauems, 201 

Gk^philut, JOl, 29iS, 301, 551 

GioAtpentia, I^, 3oO 

Globiperina omo, 3*0 
Olffpicdon, 637* 

Gb^ptodonti^ 630, 638, 639 
Gnu, 28, 217 

^ts, 89, 13S, 136, 193, 607 
Gobi Desert, 35fl 
Goethe, 12, 665 
G<Midffana land, 42. 622* 623 

394 

Goniatoic^, 397* 
wild, 47 

Gooee-barnacle, 23 
Gophqre* 254 
Gophers, pocket-* S7g 
Gourd* wild* 361 

465, 465 

r ^i' ^11’ 

wmUa, 543 

XXX 

Gt=^u, A. W., 1S3, aoS 
Groliiitor, 470 

Gr^pns, 541, 551 

GrMd Cfliyfnn nwalLlioD, 6®, 696 

ossa's^”’®®'’** 

Girat Bunrier R«f, 44 

Greeks, 6, 7 

““BMgmptiit*! riaOni 
reprinted in, 50» 

GreganouB anitnaJs, 33, £15-2 13 

67^' 

Griniitdi race* 66g 

nign'laiirit, ais 

376, 377% 

ri^’ 6'!^ 

umbe, wliitc, 410 
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GryUoialpa fcpreoiWy 410‘, 4Il 
C?ryp<i«w™^> 4^* 
C»VPortfriuin> 636, 63S 
GuftjiaeiJSr 612*^ 640 

Guluc^^ hjyiif 112 
Guinea-pig^ 103, 140, 6®0 
Gulf 34+ 61 

Gulls, 61, 201 

"Gilntiii " 565, Pliite XXIII 

GOulher, A. 107, 352 

GumctSi 324* 

GyninophioQiif 25^ l8lp 1®2 
(xj/mnura, 253* 

Gypsy-taotHr 126, 135 
Gyrtsceraf^one, 393, 305 
GyroceraBt 184, 396*, 397 


Hujilrosauridje, 464, 401 
Hadrr^auis, 162, 265, 2S7, 2SS. 290 
HadnoauriA^^ 465, 482 
Hflockel, E,, 33, 144. 17& 

Haecke], bi^^geaetic uft 170 
HBmocyaJfliiiF 195 
Hnundf^obiu, 195 
25, 244 

Hair, loss of, in aquatJC typCfl, Z99 
Halhm, 207 
222 

HaU&pti^i 465, 46G 
Halobiotic rvalm, 53, 55 
Halo-plflrnktoD, 31 
Halyinlet cctirn^idatu^, 379 


HamUa^ 30S 

Handlirfich, hy 418, 419, 424 
H^jmlcmuT ffrisem, 313 


Hapalids^, 643, 645 
Ha-palopBf 620*3 631 

Hjurcs, 26, 279 
Harc^r Europcauip 200 
Harus, varying^ 200 
HQrp^^olt&t€s, 514 
Haniittania, 436 
HarrioUtii 3^ 

Huftis, hm, 675 

Halchcri J. 123 

HuikTHi, 185, 187, 192, (JM, mo &]» 


Hawaiiaz) land Biiaib^ S4 
Hcartseaso {Vioio frtiCsipOj 124 
Heat, degrw of, as barrier to dis^ 
persal^ ^ 

"'Hc-flLberbloorn,” 5S6 
Hebrew traditiop* 3 


Hebrews, racial purity of, S4 
Hedgehogs, 26, 252, 278 
Heur,0,,5l7 

632 

HEsdelbcTg foau, 6S0*j 681* 

Heilprin, A., 37, 43, 46 
Hclicotuidfie, 213 
Hflix, 239 
Hemieliqrdft, 24 
Hemsplcra, 408, 412^ 416, 421 
Heredity, S3, 9^111 
Heredity, Durmn's pangenesig Uacury 
of, 04 

Heredity^ definition of, 93 
Heredity, enoasensent tbeoiy of, 93 
Heredity, latent qualities^ 95 
Heredity^ laws of. Bee Inh^riiaTiat 
law* of 

Heredity, pbi^cal basis of, 93 
Heredity;, potent qualitisSp 96 
Heredity, Weiamanii^s gcm^pla^ 
theory of, 94 

HermflphrciilJtisffl p lOO, 234j 236 
HcronSr 217 
herpfsUs (ptse^u, 127 
Herring, 4S, 63+ 119, 216 
Ht^ptrafnU, 61 p 403 
//eBperortwr cmsrtpMp rhtxi XV 
Hetperomit rcffoltt. Hate XV 
39T^, 39® 

Iffirr&dofif 2l 1, 278 
Hetfiiopods, 31 
Hexapodap 24 
Hiberf&ationp 282 
ffierMOMrafj 465 

Himalayas, aa faimfll barners, 36^ 
37, 40 

Hind liTnbB, see Li^nhs, hind 
Hindoo fakirsp 164 
Hinny, ll6t Plato 11 
Hipp^wn^ 26S*p 591+ 595, o9®p 606 j 

m 

Hipparitm 508 

/^jppflrfon lefeiffieyip 598 
Hippidion, 36Si ^Ip 390, OOl*, 637*, 
646 

fiippocompVM, 133 

Hippocatripui pn^i^orirJFi, 133* 

Ilippoljfitt W 
Hippopotamip 607 
Hippnpotaniicbe, 607 
Hippopotamus. 63p 187, 293, 506* 
Hifitoirietabaidiip 378 
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Hog-noscd KiiAke, 2127S 
of, 665* 

Hogg, ft-Udr 15-1 

HoWticAp 51, 25Sp 5J7, 590* 671 

HqlathuroUi^, 23p 354 
Hominidfe, &43* 654, 677 
Homo, 654* 687 

H&ma h^ifkltfr^eTuti^f 678^ 6S0*p 681 * 
H<yin& nmjK^thaltrnimr 678 6B1 

6S2*. 683*p 6SSV Plak^ XXAI ' 

H<?fw> prirniffenim, «e //. iMnd^pu 

//onui 684* 

Hmna ^pieru, »&'', 270, 654, 656* 

m' wv'T 
IJ-1, 

Honiolqgi^, 100 
HfKNfed aEdniuls^ 26 
Hockei'^ J,, 14 

Hffphphoficnit, 524% 525, 526, 528* 

Plate XIX 

Komaday* W. T., 216 
HorfHitSp ^2 
Homa, 154 

Horrw, rudimentary, 102 
Horeesp 26, 45^ 86. 98, 102, 104, 
105, U6p 117, 153, 155, 157, 176 
177, ITO* 192. 197, 200p 218, 258. 
259, 263. 264, im. 266* 26?*, 2^% 
269, 274* 516, 559, 560, S84r^, 
606, 626, 634, 639, 640, 681, 687 
Plate Ill 

Bum^w, adapLations of* 584 
Koras, Attieiican Miweno, cUstribu- 
tiou of, 251 

Horses and man, 269. 604, Plate III 
Hor??w, Arab, 603, 604 
Koras, body eoutoiir of, 584 
Homes, bmln o% 589 
Eotwis, hroi^siiie;. w Fatnti ht^ne 
Horws, Celtic pony, 002 
BomuH, '^d®ert/' 598 
Horeeg, Eocone, 592 
Huras, evolutioD of, 584 
Horses, cvultdionaiy stunmary of* 590 
Hojwa, extioctioa of^ in Noitb Amer¬ 
ica, 60J 

HorscKr feral, 591 

Horsca, <*fote5rt/" 190, 595", 596, 602 
Hers™, limbs and feet of, 585 
Horses, Uvinic, 602 
KorsLs, ment^ty of^ 589 


Horses, Miocene, 190, 266, 595 

Hor§e:i^ lif! onjgaliftTt, 60® 

ydJow duD pony, 602, 

Hordes, OJigpeepe, 594 
Horses, palcuntelogy of, 590 
Koracs, Pampas^ 601 * 

Horses, phylo^^y 591 
Homes, place of tingtn of^ 590 
Homw, PleisteceDts 600 
Horsea, F^oeeoc, 598 
pmirie^ 507^ 

Horee$, Przei^Bialu, 602, 604 
HorBcs, psetido-, J53, 154* 

Horacis, sensea in, 589 

HomeSj 539 

Horses, akuU of^ ^ 

Horses, t^th of, 5S6, 587% 588* 
Homes, VaJo eeries of, 584 

Hou3e-%, 144^ 4]e 

Howard, L. O,, 405 
Krdiieka, A,, 676 
Huiuie, F, van, 463 
Humboldt, A. von, 329, 341 
Hununuig.birds, 170. 197, 660 
Hulton, 315 
Hutton, J., 3 
^ 

497, 591, 649, 651, 662, 682 

Hysifvi 519* 

Mymnm, 121, 265% 519% 520 
Hy^mdae, ^ " 

Ilys^nodm^ 509*, 510 
Hyatt, A., 144, 179, IS3 

Hybtidiziiijj 115 
HtpXra, 22 
Hydra vtridti^ 28* 

witb ^TubioUe plants, 

Hydrotitjiig; Aodoffs £7* 

Bydroids, 22, 32*, M. 354 
HydrotiJs, comjnengal^ 27* 

Hydraphiiu4 Inanyx^toris, 4l5* 

462 

HydroffiOfl^ £2 

Hyiobai^^t^ 309, 648 
HyL?baif^ lar^ 648^ 

Biifopw* hartHtifn, 433 
Hymtiioptcn, 2(8, 221 40B 4(M 
410,421 ’ ’ 

Hyineiiopt«r«, 423 

>33. 229 

BypcnJiMJiyly^ 297, sag 
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SOlp 546 

Hyp^o^dtm T<istraliim, 546 
Hypcrpbalanifiyj 

Hffpohippvhumt &91 _ 

ffjrtMhipjJu#, 100, 251, 280, oOlr 
596 

H]/pohippux cgutnit^p 095* h aW 

HrjpohipptiB jnaUhewi, 596 
Hijpsilifphodmir 465, 

Hyracoideap 6Hp 557s 633f 633 
//vroeBtAmuirtf 590p 591 
HijriLt SS* 

HyraXp tK*-p 3^ 

Ice, final rtMxeat of. 79 
IctJand, zoojstogriiplutaJ rwilm tcpre- 
ecinted inp 49 
Icbiieurpon-flics, 408 
icAtAijNspA^/^i ISI 
/cAiAi^pAj/iff jfiuhiioMp la2 

icAfAiforn»p 495 

Icbtiyoeftiirift, 35, 81p 61, 102, 

159, 171p 191p 350^ 289*, 290, 

293p 294p 293p 296*, 298^> 361 * 

456, 458, 461,532 

Ichihyomiirui, 101* ^ 

JeAiAi^Etnw 

Jshihyo^urm iffuaJrtsciMwap 396 
/cAiAi^fisaw™* frigowitB var- P™" 
Aiitni4^t 296* 

Wioea»i*o»/i«w. ^ 

Tgi^ftnftp jnaniie^ 390, flcc 

465, 467, 470, 4S0’, 4S1- 

4S3* 

I^umodan ScirmiisartenSM, 4S0* 
iTnmigTMit fauna, South America of, 

635 

Immigratiou, itjpopulatlou f S 

Impurity of Beawater, aa bainor to 
difltribaLioDt 44 , -i a 

India, lo® ^ 

ummnlBp 121 

Indian Mpgcographical realm repre- 
aented iD, 30*^ ^ ^ 

IndiRtMicyua fauna, SwiLb n^mcn'ca o , 

635 

Inductionap 145 

Infusoria, 21 

liiberitsnoop Galton’a 

Inheritanw. pnncip ps of, 
Icheritanw, Mendel b laws nfp 196 


Inheritance^ of acquired diaracters, 
95, 104, 143^150, 104 
Inberilances of iuatinctp 147, 203 
InbcritanoSj ef results of (uDctJoiial 
diisuae^ 104 

Inberitanee, prebleio of^ 93 


JntOj 301, 546 
into ^7 

Iniidse, 541, 542, 546 
Ink^^ae, of squids 3S9,, 390 
Insfccd vora, 25,333*, 305,508,516>670 
IfiEectJvora, flyioRi 331 
Infleetivora^ foH*»rial, 376 
iQBectas 24, 47, 76, 

193,201,303,204,211.213,404-424 
Insects, adaptive radiatbn in, 4OT 
InsectSj aArifil adaptation in, 415 
1 iLncestral stuck of, 41S 
tnsecLB, ftcjuatie adaptation ip*4115 
In^ts^ elasaificatioii of, 407 
InsecU, cochineal, 405 
Insects, eominiinaliam flinfsng, 2lS 
Insects, cureorifll adaptation m, 409 
IiHceta, definition of. 404 
Insecta, evolution of^ summary of, 4j5i 
Insects, first, i^itb complete metamfir- 
pho^s 423 _ ^ 

Insects, fossorial adaptation tn, 41U 
Insecta, fcologieal hietory of# 4lS 
Inscetes habitat of;, 406 
Insect*, habits of, 406 
Insects, tugher orders of# 423 

I - __a_>i.«i. KiPh^ TT.Tl'Hir 


404 

Insects, lac± 405 

Insccte, leaf I 2G9*, 408 

Inaect*, Mesozoic, 422 

Ipsccte, metamorpboeia m, 76, 406 

Insects, mCHlcroj rise of, 69 

Insects, Paleozoic, 421* 

Insects, paraaaUc, 41, 243 
Inaects, place of, in nature. 404 
Insects, preservi^ in amber, 3T7' 
Insects, primal, 420 
Inaects, prinutlvc, rise nf, 09 
Insecta, primitive stock of, 409 
Insects, saltatorial adaptation in, 409 
Inserts, scale, 33, 100.137, 134*, 135# 
243,493 

Insects, Tertiary, 423 
Insects, tiansitioiiai ordem of# 421 
Insect*, walkiug-stick, 209, 408 
loBccts, wilier of, 101* 
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IiKftcta, with c<oinpktc metamorpho- 
His, 403 

InSKts, inth incomplete metaaior- 
phugig. 407 

Jngecta, liith no nictaiudTplic^p 4 -ii 
mheri tfljice of^ 147 
Intepunentp b aquatic typ4. 293 
SM MetdiUUy 
Xat€UiKL'at ikHiezip 7 

hciwom btnthobc 

Tcaliqs, 50 

Internal perfecting prindplo^ 0, 11 
lotermU parFecdiig tetideni^, 7 
Interrelataonakips of aiisuniamg^ witJi 
otWp 2e; With Uio pWcaJ 
wiYiKminent, 30 
Inveitetrates, lOO, 216 

^vertebrates^ in Ucepnaea fatiim 3 ii 4 

3o5 

Irish deqr, 152^ 154, las^ 332 
IjTe^neraibllity of evolution/law of 
249, 250, 527 ^ 

547 

life, restrictions of 193 
JaaiatioD, 84, 114^ IS5 
Isoptera, 2 lS 
Jautp, A., J m 


Kadalioifaiirm^ 460 

KoUinm, 129, 213 
KaHitiui panjiecia, 210" 

Kangaroos, oeeeum of, 663 * 
Kansas, fossil mm in, 676 

Kflotj Er, 7 

'‘'KathJoen/^ 530 
Katytiids, 134 , J 36 
Keith, A,, 649, 079, 660 
Kellogg, 540 

59J, C03 

KLnetoficncsia, 144, 155-165 
Wegci.eai.,objcetiomtQ, is3 

wglinising, 17 
JVipiiji^, JiutlyBJtl, 2J8 
^pspringcra, 235 
Ivg«kn, 255, 310, Sll 
Kiisia, 542, 54S_ 55 ^ 

■Koedew, 233 
Kmkfttca, 122 
KabrnthaJ, W., 102, m 


Jactsla, IS, 20 
Jnck-iafabit, 335, 37! 

Jackmn, K* T., 183 
Jarob ihe patriarth, 6S 
JaeuM, 43, 162, 201, 521, 640 
Oam&ica, mati^oose in, 127 
Jap&rcae Palolo wonn, 119 
Jairophaj 362 

Java, fo&Hil man of, 677, 678* 679< 
XXXI ' 

ZDugeop^phical realm repre- 
eeated i% 50% 5J 
JefttchjW, Adrian, tJ7j 6G7* 
Jell>■fi^dle9, 22 
JeUyfiflHps, pbnktonie^ 30" 

Jerboa, 267, 272, 273% 493 
Jordan, D, 64 
Jordan and Kellogg, 21, 114^ j 
Juglans cfd^omieay 1 16 
Jufflarvt niffretf 116 

^^umbo 302% 559, 5S5, Mate XXI 

Jutie bug, 410 

Jungle fowJ^ 205 

Juraasic bifi^ 494 

Juribsaie pcrin^, 68, 7D, 77 


Labfin, 

^-abyrinthodonts, 443 
^ insecte, 405 
Kfldy-bug3, 127 
we Complain, 63 
Kako Nicaitigua 44 
r*ake Ofitario^ 63 
Kdkefi, salt, 366 

60 ®, 612 Bia 
hiiUTiQcu^, 612* ^ 

larm triasnia, 612 

0.10,11,12^ 14 34 143 246 

^-flJiWEkjaa factor, IS, ISO 164 ^ 663 
I-amarcbcm, 147, I 49 ' 

lawg, 143 
I-amprcys, 25 , 32 

KampTfi^lJir^ 23 
LM«lcia,2j 33 _ 

j-anij ammats, ej ^ 

71, 7S 

dnn ^ of distribu- 

J^d Homs, firat 

diatjibu* 
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r^d v^irtcbrste!?^ Hsc otp 69 

Lftwatrtirus, ^65d 479' 

Jjoranude lirvolutioUp 6S, 77p G97 

Larvffij dcfiiuUoii of^ 173 
Luxvffij ediinodernip 437* 

I jir wTgy geomctridj iSl* 

Lisr^t May-fly ^ 414* 

LttTvw, intino-plajijktjcnucj 33 
Larvsep Terrwrkit 43T* 

JlAn'as brufuietiSf 22S 

Leaf ch^ct3| -liD 

^ desert plaatSi 3S3 

X^tMTcbcSj 33 
Le^lijss formaiji 277 
I^bnitZp 7 
Lcmmicy^ 200p 2S2 
Lftmon-treeHp 

D-iuur, dying, 307;p 3l7 
Lemur 313 

Lcmujoidea, 306, 309(| 312^ 313j. 333p 
516p 643‘, 670 
T jiTifl difiltap 376 
Lenmgrad Academy^ 376 
LeDlTigrad Museutn* 661 

Leo(>^^P 121, 201, 521 
Leopani^i bla^^ 196 
2>paip 34 

Lepidoptera, 40B, 400, 415, 421^ 423 
JjepulopterBp firatp 423 
Lepido^Ttn, 445-447 
Lcpidctv^t liabilB ofp 446 
Lepumap 1^, 407> 409*^ 
LcptocephaiuSf 355 
LeptoihorCtX tTnerAiyniy bfibittf of| 227 
/vfptti ^yiroitcwSp 203 

Lepud 200 

j>pnj tariobilUf 200 
Ltmxa, 242* 

LcAtetrttp 242* 

LibeUuliiWp 414 
Ucfi, 243 p 40S 
Li«p biid-, 243, 421 
Liee, boolc-f 42l 
Lice, corn-root, 22S 
Lire^ plflot-p 91p 405 
Licop true, 243 

Lichenflp symbloticp 29 

Life oyolei 169-17S 

life cycle, adolescent aiage, 172 

Life cycle, adult atagt^ 174 

Life cyckip embo'onic uti^r 171 

Life cyekp pogt-embryonic life, 172 

Life eyck, wmile etagep 170 


life cycle, sta^ in, 169 

Life, lell^^Lh ofp 175 

lifOj origin oTp 3p 693 

life, lecottis ofp 72 

Li^t^ absence oJp in eaves, 3^ 

Lights abnenoo ofp charactemtlc of 
aby£a^ rcaini, 56, 343 
Umax 432 

limb pJiilea, in scaiusoriid forma, 307 
limb pnoportionSp 162 
limbs, dev'elopmcnt ofp m cmc^iginE 
vertebrates^ 449 

LimbSp forep in aquatic typeUp 297 
Limbs, fore, in cniwirial types, 254p 
207p 269, 271 

Limbs, foiPCj in fossorml format 279* 
Umbap fore, vertebrate, lOl* 
limbsp bindp in aquatic typea, 292, 
205, 297, 298 

Limbs, hind;, in cursorial typesp 267 
Limbs, hind, in fotsorial t>i>esp 281 
limbe, hindp in horses, 267 
limbs, bindp traccH ofp in feetai 
whales, 298 

limbs, bindp vestigial, in pythoOi 
102 * 

LimbSj in elephants, 560 
Limb^t in bonses, SS5 
Liinbffj in man, 655 
Limbs, in Ptniboscidea, 560 
Limbs, in seansoriai forms, 308 
Ijjpe-secreting habit, origin of, 694 
LimenCtii disippw, 211 
Mmnsfm miitiiluM, 239 

lAmn^ui /rtfnofffwfTiS, ^0 

Limnobiotio realm, 53, 54 
Limrujsalitj 460 
Limn&tKiii paludis, 460* 

Limtdui, 24, 418, 430^ 431 
lincoliL, A., 13 
Xing, 119 
Zmgr/^, 1S5 

4p 5p S, 20, 119, 630, 643 
Unaphr^At 356, 357* 

Lions, I28p 200, 204, 521, 531, 631 
ItkjptfTFux^ 634, 635 
litoptema, cursorial, 2)63 
Little Bt Bcruaid Ffl^ 38 
Littoral, 55 
59 

Wmirt, 396*, 397 
Liver, 140 
liver-flukes, 239 
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living eninronmcnt, eh&ngcs in 

caimitf of cMioeiion, 192 

liivma picaj (50 

25, 43, 171, m, 304, 312, 

^2 4J7' 

Lizaribs, AustnUIan frilled. 262 36ft 
272p 462,403 * ^ 

Lizank, deasrt, 368, 371 
Lizafds, flying, 310, 325, 462 
UziTctr, Galapagua, 02, 207,288*, 462 
Liwds, limblea^j, 461 
Lisaitb, northern limiL of, 35 
liiwds, sea-, S88^ 461 
LizanUi, ehlp-, 450* 

Lizards, sipiny, 370 * 

VT^’ 1?* ®I2,634, e« 

Lobosa, 21 

LobsUais, 24, 355 
Labfltcra, cidtiire of, J2l 
Ji<w 50 w^ 3 ed, 365 
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J^lection, 153 

^thogiencsi^p explanations of, 152 
Orthogtjiiealfi^ palooDtaloRical facte 
supporting, 153 

Orthogtnraia^ iidaum^ of evidence for, 
153 

Orthoptera, 407, 410, 418, 421 
Ortho-selLtEioii, 153 
Oiyx, 217 


577, 

SS4. 598, 650, 8SS, 680 
Ostracodernai, 427^, 43h 432* 
Ostracoda^ 355 
Oitr^ drginim, 131 

28, 43, 170, 217, 272, 327 
OtamdE, 296 
CHlera, 253, 520 
Otteig, sea-, 33, 62 
Oimeo, 521 
Ova, 21, 91 

j^r-epecialization, 127, 153 
O^^r-BpeciidiiB^tionp aa cause ef ex¬ 
tinction, 194 

eye of, 534 
Oxtn, ISO, 333 
Oijtma, 510 

Orift^ocfjrfM, 813^ ^18* 

23, 32, 100, 120, 131 


isUnd^ J=o8gcographical realm 
^T^p^v«■nu^d tn, 51 

Pw!^ ' ^^8 

ichthyosaur, 208* 
^beodictyoptera, 420, 421* 
^otiEomitJitiMhn, 571^ 574 
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41S 

453 

PaiaKMaTwtMn 4135-, 4^7 
PgJt'ikfctic lefllui, 4&j 50*j, 51 
Pl&JeocePi; p(?^iwl^ 68, 78, 623, i7l 

PaleOKwiipraphyj 385 

South Amnerica of> 

m 

FakK>litbje artuiLs, OM 
PfllKintfllojE>\ S3, 152. 3S6 
Paleontiilogy, ei^tneo from, ol 
Jution qI imtia, 670^92 
Palodnlologyj facta Irtm, supporting 
orthogL'^nc^, 155 
PaleftKcic era, 69, Td, 74 
Paleoaoic infiMts, 421* 

Pale«Eo6lo£}^, 336 
pHlgrave, 610 
PflJini^qiicsis, 179 

PahidifiM, aaicttrasivc forma of^ 1&* 
PainE3£us fauna, 685-641 
Pkmpaa fomialion, 026, 635 
P^^a, 643, 651, 601* 

Port 651j Plate XXIX 

Pan v€luSf 686 
phitama caJial^ 621 
Panatnu, Isthmus of^ aa barner. 44 
Fimama, J^thinud of, sa Lund 
44,621 

iftocrKitic juiev. 140 
PaoiEctufsa, Darwin'a Umku^ df, 04 
Fimgoliu^r 627j 63Q 
Paiuubda, 103. 146. 346 
Paniadon, 323 

r 513 

Paiit4>thcriuH 503, 504 
Papilia m^T^pe, 211. 213 
ParadbL* Lost," 4 
Parahippmj 501^ 5^ 

PcLnJffWfirxm, 21, 91. 120 
pararrtyiodonf 3^ 

Parapilfl^^u§, 672 
FaMitea, 122, 239-245 
parasites, biononaio clfi^iheatioo of. 
£29 

ParaiileH, miatawiaii, 242* 

PamAit^a, eatampica of. 236 
Parairttefr, ftxtemaJs 231 
PfiiaaiteSh facultatiire, 230 
Pamsitus, immunity^ 232 
Paroriitesr ^3 

Paraatf-ii, internal^ 331 
Parasitea, liver-fluke, 273 


Parositea, mo^uscan, 248 
Parasites^, miniber of| 229 
Puiasitca, obligate, 2^ 

Parcufitea^ pcnruMieiit, 230 
Pami^iea. tapenorm, 2% £30. 334. 
240. 241* 

Panyiitcfl, (A-raporfliy. 229 
Parasites, trichina, 2^, 387> £38* £39 
Faraaitea, vi:rtebratc, 244 
Parasitism, 229-245 
Parasitism, effect of. On iLiC hostj £31 
Para^iLbm, effect of, on the paiaaite. 

233 

Pam^dsm, mulir of. 235*^ 

Fararntism, value of recapitulation in, 

234 

Farasuphk, secTbeci:^qatla. 451, 463 
Paralyktpai, 613|. 618 
Parenchyma, 22 
Faienta^^ bspajimttii, 91 
Parental chapters, how mheritod, 
105 

Parental condidona, transnuadon of. 
99 

Paris Mustium, 560, 575 
Parker, G, H,. 140, 142 
Parker and Ha^^eU, 21 
Parrots, 178,311,312 
Parthenogenesaa. 91, 100 
FariJitintt, 126 

Passcres, 537 

Fat^um, 316-330, 329-331 
PatrioectidiEr 556 
Pairio^tiuti 

PairiafHU, 509*. 510, 514 
rvtten, W., 431,432 
Pow crwfofwa, l3i 
PeaeoekB, 131. 197 
Pear, prickly, 364 
Peas, 197, llD 

Peas, eonLraating characton of. 107 

Peccaries, 336. 606. 697, 640 

Pecora, 607 

PftfcfM, 272 

F^ictilallh 550 

Pf]0iaiUf fVhhtonj, 323 

Pek^c suhnailni, 53*, Ij5, 57, 5S 

Ptlecj-poda, 23, 32, 354 

Peiicana, 217 

Pelvic girdk, in Bcansoriiil forms, 308 
PclycOBatlria fTTnercMnoTphli), 187. 
458 

PengtiiDfl, 43. €16^ 203, 327. 539 
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Penii:9j1viiiuaD period, 75^ 7G 
Pubycuik e^tperitnquta^ 9S^ 207 
Pirameies, 254 

Percbp cUmbingp 60^ 44lt 442“ 
Pcrioda, 70 

PeriopfUhaimiOy 60, 441 
Pcirissodactyla, 15^ SOS^ 516, 517, 
557, 606, 634 

Perissodactyiaj cureorinJ, 263 
pi^riodp 60j 76 

Permian period, climato ofj 274^ 422, 
49^ 

Permian period, gJaMatlon in, 73, 
275, 422, m, 695 
Permiaii reptik-a^ 39, 274 
PtTodipus, 272 

Prri>m^/tciit Heun&puSt 340 
P^taufvid^Jif 320 
Pclouroidei 329 

AfLiiup-zii, 320 

Ptiaumt sdureu^f 255, 330* 

Petrela, 61 
Petrifaction, 37S 
Pluilonifcra:, 255p 630 

PhaJangers, ^ying, 255, 329, 330* 
Phanerupleitrcm^ *147 
Pharynx, perforated, 425, 426“ 
P^aw£arct«, 254 
Phii3C^rci&:t cinenfoSi 255 
PhQKohmt/9, 282 
Pha£inlIda^, 209, 421 
Pheasantfl, 304, 320* 

Phenat^ua, 506*, Sll, 559, 634 
PftcnModws pritrmnjj, 510*, 5U 
Phmacodus reaaritis, Plate 
Philadelphia, Acadtimy of Katural 
Sciences^ 652 

Philippines, soOgeogiaphjcal realm 
iTcpreseati?il in, 50“, 51 
^^P^losopbie ZooIog^que^” 10 
Phiomia, 567, 568, 569* 571, 573* 
574, 575 
PAimwywi, 52£> 

PhpcA, 201 

Phoana, 551 
Piwerrut oimmunVj 551 
Pbcwidie, 203 
Pft^mw (iacfyEiftra, 360 
PfiorCy 339 

Phosphorwrencfjj see Lumjcnscenec 
Phiitoai^mvu (puemn, 357“ 
Phrf/n(MxphaIi£ii 363^ 371 
Phyla, 18 


PhyUiumj 20§* 
pkifUimiii, m* 

Phylogeny* 11 

PAywicr, 259, 301, 533, 53^ 552, 556 
PAi^flfier eotodoa, ^3*, 545 
Physettridffl, 541, 544, 545 
Phi/atifrttla, 544 
Ptytosaui^ 203 
Picea 377 

PiBEiM, 113, 197, 198, 328, Plate I 
Pigment, 195, 305 

Pigmentation, loss of^ in ca^'e aru- 
mflK345 
Pigg, 254*, 607* 

Pigs, ^olid-hoofed, 89 
Pigs, wild^ 121 
Pilot-fish, 28 

PilldowM man. 681% 685, 686% 687, 
Plate XXXI 
PinmpL^lLa, 291, 202, 518 
Pipa «ftimcahn, 133 
Plpe-fiiiheff, 133 
PimBon, L, Vx, 366 
Ptscea, aee F£ihe$ 

Pimm mUipum^ 107 
PidAediml^ropus, 677-680 
PilhmrUhTopus 678-679% 

Plate XXXT 

Plaeofita, 455; of mamupials, 254 
Placentaiia, 5(^ 

Pbicntfxemit pacificum, 184 
Plapiq]4kz, 5^ 

Pla^ton, 30 
Plankton, aerial, 31 
Plankton^ haJch, 3l 
Plankton, limno*, 31 
Plankton, marine, 31 
Plankton, mere-, 33, 53 
Hajikton, pseudo-, 34 
E^l4icc, 01^ 408 
Plants, 349 

Plon^ aasiinilallns, 57, 53 
Plants, chlorophybbeariruE, 28 
Plants^ 75 

Plants, fitraering, rise of. 68, 77 
Planta, green, 2S i 

Plants, land, firat knOTtin 75 * 

Plants, land, riac of, 63 
Plants, Beod4)earitig, 76 
Plirnnodtum, 237 
Phsmpdiiimjakiparwn, 237 
Pkmnodmm malaH^^ 237 
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Plaianhia 547^ 54S* 

Fl&Uu^lidKj ^ij ^2p 1^7 
FUUtosfiuru:f, 465, 40fi, 472 
PktyLuJtninLbeap 22^ 239 
Platypus, 277*, 444 
Plat^Trhiiii, 643, 645 
PEuL^toccdc earned 619 
Pleist^occnm epoch, 39, 63, 70^ 7^, 
625, 62«, 637 

Pkistixcnu epoch, glu^iel climate itt, 
73 

FlcLatcKJcne epoch, miRraliofi^ in, 39 
PlctsP^'cne giiaolal pcnoJ, 625, 626 
Fkiatocene gronnd-shitha, 163, 636 

Plei-f£^Ktme harscSj^ 60D 
Pleistocene 42 

Plc5i«5ttUria, 25^ 31,61,159^ 291,294’, 
453,461 

Plesipptitt 591, 599 

PiffurocQfhit, 465, 466, 476 

PUcicepe cftippls, 619 

Pliotssne epoch, 39, 6S, 70, 7S, 625 

Pliocene eptKk, mi[^tiana in, 39, 7S 

Pliocene horses, 593 

PiwfttppuJ* 591, 597,1 599* 

Pliithippiit ptmiXf S9S" 

Poeoc^r 

Ptidokrmurus, 272, 465, 466, 469 
FodSafr/sflMrw^ 470* 

Fndwrff, 407 

PoebrolAmHW, 613, 615% 616 
labiainirif 616^ 
PoffOTuitnymx^, 226 

PoiflCQiithu^, 465, 407| 4S4 
PoJe^^td, 520 
PolperffUM, 225 
Polype, 22 

Poiifpi^TTijf, 442, 443, 447 
P<illfpt€rus bichitf 442 
Poi^plerus d«£he£i, 442* 

PomixniH 379 
Poaiisiett, 547 
Pimltwiflflp 547 
Panifipofid, 547* 

Porcupine, Caiiadit tree-, 309,630,639 
Porcuptiies, 630, 641 
PD^^cra^ 21 

pprpoiscif, 44, 63, 2.>3, £91, 29£’g 
299, 302, 538, 54% 547, 549, 551 
Port Kennedy Ca%^e, 336 
Poel-embr^^OTiic life, 172 
Post-gJacifll epoch, 68 
PoUmo^e, 253 


Potto, 312 

Pre-€ambrtan time, 74 
Predeptata, 466, 467, 468’, 497 
Ptrenatiil iiiOtiimcc, 98 
PrtnoUpis impantt 22G 
Ptts^rVf cbaracteristic of fibi,'ssal 
r^Milnij 58^ 34S 
PrinGfdtm 503* 

Primed Life, cm 0 % 70 
Primates^ 26, 192, 3l0, 50S, 616, 639, 
643-655 

Primates, onceslml ^tcclc 0 % 670 
PHmatea^ cla?!Hific:ation of, 643 
Primalea, definition of, 6^ 

Primates, descent of, from trees, 674, 
698 

Primates, distribution of, 40 
Primates, ilkuibution of, map show- 
ing, 671* 

Primates, Eocene, 40 
Primoites, cstinction o/> in North 
Amcricn, 192 
Primaites, flyinj^, 333 
Primates, geologic record of, 671 
PiiTnates, New World* 643, 645 
Primfttes* Old World, 643, 645 
PrimateSj wigiii of, 670 
Piimates, scamsri^ 305 
Primitive life, era of, 70 
Pjimitiv^e Lype$4 poim!d.cpt3y, 1S5 
Primiwe, Lwnaiek's evening', SO 
Pn>A™, 492% 494 
Pmbowdea* fi23* 633, 640 
Proboscidean see 
Prveamdus, 6l3, 615*, 6l7, 619 
Prmmjm^ptaihuAf 465 
Prwtod^m, 429 
Precyofi, 305 
Proej^oiiid®, 305 , 519 
Prodigality of produetion, 118 
Protfuefift, ISfi 
Pj-oefuefttff gijpimfeb#, 1S6 
FyodliSliJS t87 

ProganoHuma, ate MesnoaunH, 289 
Prong-buek, 158, 607 
PrvpaimhcplophimiSy 629*^ 03i 
Pr&phifitt^i^ 5^ 

Prvpii^cue, 333 
PrapEtbpitAceufj 672 
Ptvpuisicifi, methods of, in aquaCio 
types, 294 
ProfiwiTini, 418 
PtiMqiiolodffn^ 544 
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Pfifhwpw julijhraj 360 
PtoUfpLemcridfl, 421 
JVoterothsws* 6^ 

Piottfolhenida?, 634 
Pr^AertAhm^tmi^ 634 
PrutC!msak£^ cra^ 69^ 70^ 74j^ 1S5 
PtotercKwic cra^ glacul tlicnatfr ifl, 73 
PrfsleuA 342% 343^ 352 

6^, 329* 

Prot^^falaLtci'ideAr 42i 
ProtoWTVMj 2M 
ProiocertilopA^ 4&5p 467^ 483 
Froi&ceim, 542" 

ProlQcetws aiApuS, 542 
Protodomtfln, 421 
" Protodoiifita/^ 50l 
PrfitoAipp^-ffj 597^ 592 

Pn}tol(^>£Sf 618 

Protemer^f 613, 616^ 617 
ProCophyl4h IS, 33, 69^ 74 
Prot^ptasm^ 96 
ProiDj3terus^ 445, 447 
Pfolopierut ann^cUinSt 443* 
Proif^pinita annec^oitaj liabita of^ 446 
PtotorthopUirm, 421 
Protoa&uriu^ 463 
PnlosauruB^ 433 
Prototberiar 26 

PmtoiGGfl, IS, 2lj 31, 69, 74, 96, 

144. 185, 190, 231, 236, 349, 3o0 
PmtaEOiit paradlie, 2% 231, 233 
Proiylii^piiBr 613-615*, 6l6 
ProlypeiA^imi, 629* 

Prtjseu^flodan, 542 
Prmeu^jlodon iUntXj 300* 

Pflffufixfunjir, 525^ 527 
Pseudo-horses, 631 
f^!idt|dDtnDrph, 37S, 379* 
Pseudeneuroptefa, 408, 409, 412 
FiKudopodliL, 2] 

Fflc^id^rcra, 5^, 551 1 552 
Pbteudoatichia, 465 
PaiSh^fna, 222 
fVyi^hcAoio era, 6S> 70, 79 
Ftarmigarii. 300 
371 

PtrrQnodtm, 321^ 327| 383, 494 
PficrmiA/ffft lamgCc^t 327* 

Pterichttij-g mOlLTi, 432* 

PtdttJcUctyls, iOr, 314 , 319, 320, 
321, 326% 327% 333, 461, 494 
PUrtfdon, 510 
Pipramytt, 330 


Pttropod oo35e, 349 
Pteropcida, 31, 530, 552 
332 

Pteroaauria, 25, 314, 317, 320, 321 
PdheeretiB, 670 
S03 

Pdlodus gnmiiA^ 502* 

32G 

Piychtiaa&n hmfwilocBphalum, 325* 
Pulise of life, 693-6^ 

Pultinaria, 100 
FHima, 205, 521, 030, 040 

PUpa ata.^, in kiaccta, 407 

P^^hon, 102* 


Qua^. 93, 603 

Qualities^ latent, or rccc^ve^ 06 
Quflliti^, potent, or dominaat, 96 
QuaUmuy time, 08 
QukscciK^, cbtiitLctenatle: of abyssal 
realm, 53, 343 


Rabbita, 193, 257 
liabhita, cottont^, 203 
Rabbilflp deaert, 372 
I^bbj ta, cmbiyoa of, 665* 

451 

R^mrvtUa fffciucM, 534, 554 
KaiihianncUdm, Ml, 553, 554 
Rafiial cycle, 183^135 
Racial cycle, atagea in, 1 S 3 
^™iis, 264, 300, 519, 640 
Radiation^ ^^ptive, aee Adapiurs 
radtaHm 


7 - ^U2n,rannn, Z,>l-257 
j™^t]Cin, Conte In porjuieoutf 252 
B«iHilion, loolh, Sng 

tooth, rluiEram of, 34S 

^latitpiM ifl tlioe, sutct-^TO, 237 

nadioartive suhfltjinoGs 72 

HfldicjMia, 21, 31, 3,% 

^lo^A, vith symbiotic sJgs, 20 
itotlmlanan uoztf, 250 
KaiK iiijistillfla!, 327 
Haiutmylttt, 6! 3, 617 
iilaifui f^p«nipia, ]8g 

Ratiaion aibtricut, 431 * 

RfltH2?s 


R*titJ^2C2.272,32i,49o 
Ilalfl, 26, J27 
lt«tth.'«&akcfs, 370 
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EAySj 25 

JiecapitiilAtJon, 170-155 
KccapitulAtiofip law 1S5 
JlccqpittiliitJCiEip value ofp 234 
R^ognition markup l@5p 203 
He^&ik>iQ24tjetiE^ 86j 1L8 
Rcctricea or steeriiig featiierep 318 
Red day* 350 
Reindeer* 45, 135* m 
Eemige? or ^iupportiug featlitMp 318 
Reprf^uetioiL* 109 
Reproductive glandfl^ 139 
Reptilis, Age of, 4C0 
Reptilia, 2o. 46, 76, 77, 101, 153, m, 
170> J71p 170, 137* IBO, 210* 24S, 
455, 456 

Jtcplliith absence of, in cave faima, 
341 

EepLiiia, ^idaplive radiation of* 460 
Heptllifi, a^i^rinl, 46, 461 
ReplLUa, amphibious* 289* 461 
ReptilEa, aquatic, 28§* 461 
Reptiha* arboreal* 460 
Reptilia, beaked, 458 
R^rptilia* bipedal, 271 
Reptilia, centrBl form of, 460 
Reptilia, eufsoHal, 262 
Reptllia, cynodont, 498*, 500, 501* 
Eeptilia, deserl* 308* 369, 370 
Reptiiia? distribiitiun uf, 38, 41 
Reptilia, doioinant, extiuctldi of, 77 
ReptUia, egga of, 455 
IteptUia, ejclreme speeializatiou of, 68 
ReplLlia, flying, 335 
ReptlltBp flyiag, first, 77 
Reptiiia, fl^nng, ris& of, 6S 
Reptiliflr f^>ot of, 451* 

ReptilJa, fosaorid, 276, 461 
Reptiiia, gniat, extinetiou of* 68 
Reptiiia, (and, 77 
Reptiiia, tnammalrrlike, 25 
Reptiiia* marine, 25, 31* 61 
Reptiiia* origin of* 458 
Reptiiia, Permian* 39, 274 
Rcptillar "pniBonoup," 370 
Reptiiia, primitive, riso of, 69 
R^cptilia* ™e of, 458-462 
Reptiliar seansorial, 30^1 
Reptiiia, 3^ 

R-kofopAorus, 325 
lUiacffphoTfii pcrrotfoJiJt, 325 
reinharcUii, 325* 

RhamphirrhipidtuA phyliurra^ 326^ 


Rhi&as, 43 
ifAinowr^M, 506* 

Rhinoceros 26,28,88*, 102^ 25^, £65, 
266% 530 

Rhinoceros, African, 351* 
Rliinoeeros* black, * 

Rhinoceros, distribution of, 251 
RMnoccros, Ktruacan* 681 
Rhinoceros, pomted^moulb, 251* 
Rhmoccros. ^qtiare^mouthr 251* 
Rhmoceroe, white, 251* 

Rhinoccrue, wtMjlly, 376 
bicamiii 251* 

Rhinoceros bird, 28 
Rhinoarcs simtes, 251* 

Rhirwcfw^ tich^fFhirtuif 376 
Rhodeidan man, 684*, 685 
Rhynchocephaiia, 25, 458 
IfA^nVia, 297 
Roaches, 408-^:10 

Kodentia, 26, 272, 273, 306, 608, 
516, 630* 639, 641 
Rjodentia, aquatic, 290 
Roctenlia, bipedal, 271 
ilodentia, cinrsorid, 263 
Rodentia, flying, 3^ 

Rodent LA, fod^rial, 276 
Rodentia, scaneorial, 395 
Romanes, ^ 

Roosevelt, T,, 88, 201, 207, 2l7* 309^ 
341,603, 668 
Rotifcja, £2* 136 
Ruminantla* 607 

Saber-tooth cats, see Cote* 
j^aoculinor ^36 

Socctiffita flireifiin 235* 

Saemm, in aquatic types* 292 
Sage brush, 3^ 

Sagv hen^ 365 
Sa^ttaJ crest, 649 
Ssguaro, 362* 364, 365, Plato IV 
362 

Stthani Dest^rt, 39, 49 
Sdi>a turtorMcr, 368* 

Sl. Hilaire, E. Geoffroy, 12, 13 
Saiamandt ns, 25,38, 43, lOl % 102,449 
Salamanders, ca\'e, 341. 342* 
Salamanders, embryno of, 664* 
Salamanders, epigean, 3*11* 
Salamanders, font of, 452 
SalamacderB, tiger, 202 
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Tnaailosar 

Sfilinily oJ eeaw'atei’, Uick of^ as bar- 
ntar to diatiibudoD, 44 
SaJmon, 41,48, 63, 64 
S^moD, D. E., 232 
364 

S&lCAttoioktXj 85 

BaitAtioDS, 85, 89 

i^aJ^inifA /crjxftfaafur 
Sand, of deserts, defeos? AguDst^ 367 
Saod-doUAriF^, 23 
Sacgf^e-dragon^ 362, 365 
Santa Cnis fAtma, 627-635 
Santa Cruz fonuatjon^ 524^ 625, 626 
64 

jSdr<tfdiKuip 21 
Sargfvssum, 34 

eximtSf 30* 

Saurwclda, 463. 465-463*, 478 
Saunficlua, cuTBoriai, 262 
Saurvlophui, 4S2h 433* 

^[iiopodA, i91, m, 465, 466, 473- 
477, 490, 560. Plato XI 
Sauroptcrygia, 45S 
SauropuA^ 47S 
Soa£itiXitu4, M4 

ScansofioJ adaptation, see A dupioHefir 

Seaoaorial ammals, ckssiBution of, 
304 

S&ipltira, 371 
ScauTTimOcia, 447 
ScAttddsauntSr 465, 467, 483 

^^tfuni muAnmiAf, 209 

Schuchert, C,, 67. 72, 73, 274, 275, 
385, 499, 662 
Sciur^dE^p ^ 

330 

SduTopifTtft polttctUa, 331* 

Plater, W+ L. And P. L,^, 49 
^MM^eromoriu 2S4. 2S5* 

Scorpion.'t, 24, 76.370, 404, 418, 420*. 
43L 

Scorpionif, first, 75 
SeorpioDf, rise of, 69 
Srott, W, B., 525, 527, 623, 627, 631, 
634 

Scyplioioa, 22 
Scyphuisj 22 

Sea-aoemnncfl, 22, 33*, 89, J76 
Sea-butterflies, 349, 5^, 352 
SctVHCOws, 26, 61, 253, 273, 293. 299. 
616, 657. 558 


SearCCrtT, Stelfer's, 297. 532 
Sea-^fjiooodil^ 294, 297*, 461 
SeftHrucumbers^ 23, 354 
Sea-euciunbersp lan-a of, 437* 

Sea floor, 349 
Sca-gras:^, 60 
Sea-borsea, 133* 

Sca-hliea, 23 
Seaplioua, 48, 137, 293 
Sea-lLmr^, 300, 461, 544 
Sea-lizardfi, tSaiapa^Wp £S7, 

462 

Sea-moasad, 23 
Bea'Otlers, 33, 62 
Seansnakes, 43, 61, 462 
Sea-squirts, 24, 173, 174* 

3ea-tunke, 31, 61, 300 
Se^-ujthius^ 23^ 33 , 354 
Seals, 26, 31, 44,62, 63, 201,216.253. 

259, 293, 539 
Seala, fur-. 48, 2SS 
Seals, hair, 298 
Seas, relic, 54, 63 
Seaweieds, 59 
Bcod-beaiing plaotg^ 76 
Seeley, K. G., 473 
ScgregallOQ, 84 
Segregation, bioloipc, 84 
Segregation, ptiys»cal, 84 
Se^gation, ph>‘i8iolc^c, S4 
Scgregsitioa, psychologic, 84 
Selection, 15 

Selection, art^ciaJ, 112^117 
Sdeetjou, artificial, characfcemtica of 
forma produced by, 112 
SelectiDiir artiflcial, examples of, 113 
Selection, artificial, factora of, 114 
SdectioiL,artifieial, limits of, 116,117 
Selection, cessation of, 103, 134 
Solectjoo, cuincidcbt, 164 
Selection, coaacloua^ directed toward 
dnfimte or sp^ial ends, 113 
Selecliozi, cooBcidUa, O'f more di:^imhle 
individuals, ll5 

Selection, natural, 84, 88, 118-']^. 
136,693 

flection, natural, definition of, IIS 
Seledion, nalural. objections to, 129 
Selection, ortho-, 153 
Selection, revciaaJ of. 103, 1<H 
flection, sexual, 13, S5, 131-142 
SeL^ion, aexit&i, altctuativc C.xpIsUA* 
ttona for, 139 
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Selection, sc?ni^, experiment^ ovi- 
djt±acc egneenung;, 13^ 

Selection, sexual, Uiooiy oS, baaca of, 
137 

SclectioiL, sexuaJj tbemy of, diffi- 
iMiIties in, 137 
Seleotign, imconaciouE, 114 
Ulrolunariaf 20S 
^Uard», E. G76 
Sdoua, E, C., 20? 

S^tnofnihi^ii^, &4S 
Senoi^Dcer 177 
Senility, 177, 186 

orgima, special, 133 
Senses, in camels, 810 
Sen^iiSj in ik'sert animaia^ 372 
Sensea, in elephanfcftj 566 
SeniscSj in betstSj 
Sensea, in SQuid, 390 
Semics, in vnlant ronaa, 321 
5epM. 394, 401* 

Stjyia ojlcfrudia, 46 L* 

Sepioidcn, 394, 400 
Sequoias, 178 

Bex attraction, specM dmrfM^ters for, 
135 

Stx det^JTiiiiiaiion,. 90 
Sex distinction^, primary, I3l 
Sex cUstinctiona, aecondiryj 131 
Bexual selactjcni, sec iextml 

Shad, 41, 4S, 03, 216 
Shailow-ijiTa suhrcalm, 53*, 55 
Sharks, 25, £S, 78, 171, 190, 295, 352, 
355,532 

Sharks, ancient, riae of. 69 

Sharks, Devcnuan, 3TS 

Sharks, Port Jackson^ IfiS 

Sharks, teeth nf, 350 

Sban'nee Cave, SSTj 33S 

Sheep, 90, 115, 136, 257, 607. 097 

Sheep, Ancon, 9Q 

Sheep, big-horn, 154 

Sheep, nf Knglaod, of. 115 

Sheep tick^ 243 

Shelled animals, rise of^ 69 

Sheridan beds, 626 

Shetland ponies, 145 

Shiioer, H. 278 

Ship-liiard, 459* 

^'Ship of the defiport ,"' 608 
Shoulder prdlc^ in volaiit forms, 3^1 

SbieffJSp 36,254 
Shrimpe, 355 


Shrimps^ brine-, 148 
^ihbaiduSf aee BaixjiffpUra 
S(i>i>eildus }nb»r44lut, 294, 553 
signal marks^ 198j. 203 
Sikhs, 6^ 

Stik-wortn moths, 139 
Siik-vromiB, 134, 145 
durian period^ 69^ TOj 75 
Siluriiin period, chmate nf^ 73 
Sklverhsh, 407 

650^ Plate XSTV^IH 
Simiidffi, 643. 647-549 
A'tnanMrept^, 678, 685 
Sinaf^opiis pekingm^y 677, 680 
Stnopa, 5lD 
S]phonopho]ra, 32 

Simnia, 25, 291, 292, 295, 299, 516, 
532 , 557 
Sirens, 42 

Siwalik formatloind 619 
Stse^ ae cauac of exUnction. 193 
Siae. huge, m racial seacsocncc, 152 
Sia;, in aqtiatic forms, 302 
S«e, Tctatlve Lncmaai of^ 1S6 
Skull, in aquatic types, 291 
Bkudr hi elephants, 561* 

Sbillt in hoi^, 5^ 

Skull modification^ in aquatic types, 
291 

Skunks, 371, 640 
Sleeping ricknesBp 192, 233, 002 
Slotba, 26, 35, 193, 272. 3D6% 308^, 
312,515,631,636,641 
Slotha, gfoimd-^ 45, 163, 376. 631, 
636, Piaty VI 
Sloths, three-toed, 312 
Sloths, tree, 163, 306*-3iJ3*, 312, 631 
Sloths, iwo-ioed, 3l2 
Smelt, 4l 
,Snf£rta/Aufl, 292 

486, 522-, 524* 525, S2S- 
63S, 6^, 643 
Sttiihdjm ^ifomicutf 527 
.SnriJodon neopew, 529*, Plate XX 
Smith. J. R. 1S3 
Snails, 19, 23, 70. 84, IDO, 201 
Snakee, 25, 43, 121, 122, 17I, 210. 

262, 277, 456. 461. 462 
Snakes, eobra, 202, 216 
Snakes, coral, 302 
Snakes, desert, 270, 36S 
Snakea, 6>ing, 326 
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Snakesp hog-noAC^, 211, 278 
Sbako^ nortJierD limit of, 38 
Snakes, soa-, 43, 61, 4C2 
^o^CTMTpflw moUtiay 226 
SolutnSp lemaicia of ho^ncs 604 
SamatoplaBinp 85*^ 06 
Sonora EkasiJty 360, 36S 
550 

tomi^p 550 

South America, as adaptive radiatioti 
center^ 252 

Soutk AmEMica^ competed mLh 
Africa, 622 

South Amcfica, connected with Aub- 
tralia, 622 

South Aminrida.^ conneoted with Kartk 
America, 44, 622 
South America^ extent of, 621 
South America^ mamuifli radiation 
621^1 

South America, zoAf^^phicaJ jn^alm 
represented b, 4% SO* 

South American fauna, 35, 42, 43 
South American fauna, ndgratioDS of, 
bto North America, 45> 48 
South American buna, origin of 515, 
627 

South American luogj-fifihes, 446 
South American mc^eyef, 63!?, 645. 
646,672 

JSpala&ithmumf 503 
Spala^p typhlmj ^3 
Spairafsodonla, 628 
Sparrow, F4i^i5hp 125 
Special crearion, 3, 4, 7, 8 
Spedea, ISp 20, 21 
Species, definition uf, 20, 21 
Specica, dimorphie, 211 
Species, HuxJey'a teat of, IS 
Speeka, ontogenetic, 149^ 150 
Speed, in aquatic lottnat 302 
Sptwd, in cumorial forms, 270 
Speed, in d®crt animala^ 274, 371 

SpeterpeS iimfficsiuda^ 341* 

Spfifrpet maaetdKauda, 341 
jSpciCrp« 341 

Spencf^r, Herbert, 144 
Spermatozoa, 21, 91 
^?phj!Twdon^ 25,185, 187,192, 462„ 666 
comtohndi, too 

Spiders, 24, 76, 2l2, 377, 404 
SpiderBi trap-door, 370 
Spinax 355 


Spineaceuce, IS7 

Spinesccnce, in dtsert animals, 369 
Spdncsoenoe, in desert pknp^ 364 
Spirifer^ 137 
SpirulAy 394, 400, 401* 

SpiruliroBira, 401* 

Spitzhei^gcn, Jtoogeographical realm 
represented in, 49 
Spleen, 140 

187 

Spongy, 21, 32, 44, 354, 378 
SpgcB-bcaring plants, 76 
Sporta, 21, 237 
SpoTOZca, 21, 2;^ 

Springtails, 407 
Spy, man of, S32 
Squatodm, 543^ 544 
Sqiialodontidff, 541, 544 
^umnate, 2*^, 202, 290, 458 

^uamata, adaptive radiation of, 461 
Squid, 23, 44, 196, 216, 387, 388*. 
402* 


—.L-uuu, *u.pawiJ.ijp ux, OOtf 

Squid, eolar of, 391 
Squid, 18 S, 402 * 

Squid, jwfui P4]d arms af, 3Sff 
^ujd, ink-sfu; oJ, 389*, 390 
Squid, locomotor organs of, 390 
Squiiip mantle cavity of, 388 
Squid, mouth pf^ 388 
^bd, Bcmte orgonB oi; 3go 

Sqdd, ahell of, 391 
Squid, structure of, 3S7-391 
Sqnid, auckers of, 3S8 
Squirmfe, 46^ 305, 309 

^uiirels, flying, 253. 255, 305v 3l2 

Squirrelfl, ^'augar," 255 
Stag-ljeothaF, 135 
SLanford UnilfETSlty, 22 J, 

Starfiahea, 23. 44, Sfi, 354 
Starfiahes, larva of, 437* 

™i40T7ii'a mnpenm, 340 
Stcgowphfliin, 25 , IS 2 , 440. 449 , 454 * 
567, 509*, 57L 379 
efitftt, 579 

SicQofmsiodm laOd^TH, 579 
StegftiaurU. 465, 467, 482 

ijss^ 205, 464. 465, 467. 
4So*, 490, 660 

S(^5itriw imffalatn*, 4S4*. Phto 


Strgaihttiuin, 639*. 630 
Stciuftch, 140 
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371 

Slenpdicfya loboUir 421* 

613^ 617* 

Sternum, in vdaiit fomifip 321 
SlJcklcbackflj 14S* 

Stamiatid^^p 355 
StomodiEiimp 429 
StQQC-flieSp 413 
Strazidr 65 
Stn^pfliptcre, 243 
StridulktiD^ OTgADSf 135 
StrujEgf*? fur eJoetencBp 72j ]2Q 
Struggle for cmlcuoop cnvimnmffttalp 
122 

Struggle for ^xistcuGe, uitci«ped£cp 
12 L 

Scrugg^ for cjoBtoDfe, intmspedficp 
120 

lS9j 464^ 465^ 471 
4S, 63, 139 
SiifffCtxla, 345 

4S7* 

StjTt River^ Mammoth CavtUp 338 
Sukreip Fatbtr^ 4 
Subkii^tym^, of organiflmflp 17^ IS 
Successive creatioA^^ n^populatioD by, 
3, 6 

SusZf Isthmus oTj. aa Vnij biidgei 44 
SiiIcIa^ 607 

Sumatra, ^odgeograpMcal realms rep¬ 
resented in^ 50*f 51 
Sunlight, depth of wat^r penetrated 
byp 57 

Suprarenal capsulesj 140 
Surra slckm^p 102, 602 
SuTTh'iv^ of the e^dstingp 127 
Survival of the 6tt4st^ 123 
506 

Sm 9crvfa, 607* 

SiHiakip 547 

Sustaining surface, in volant fonus^ 
316 

Suture Un&j In nautilus, 393 
Swallows^ 61 

Swallowre, hoUfle-p speed ofp 329 
Sn'amp-dwellingp liiduniiee 39 
Swansp 176 
Swiftep apeod of, 329 
Swim-bladder. 60, 2m, 441^3. 445 
Swim-bladder, primal runction of, ^6 
Swine, 259, 275, 278. 607 
Symbiod^s, 23, 215 
Symmetrodontap 503, 504 


Syminetryp bilateral^ 33 
Syndactyly, 3l0 
SpiffnaiktiB, 133 
Syr^us-fliea, 211 

Taciiygenesb, 179, 181 
Txnia, 240 

?>7iia nafftTiOlar ^30, 242 
Tsmia idium, 230, 241* 

Tamietdontaj 257, 508 
Tstnioiabist 

Tabiti, loud finoils of, 20, S4 
Tail, in aquatic typee, 285, 287, 291. 

295, 296*, 297 
Tail, ia cura^tial types, 272 
Tai], in foesorial types, 277 
Tail^ m man, 667 
Toil, in aeanaoriaJ forma, 312 
Tailj prehenaila, 310, 311*, 312 
Tcul^ven tjTJea, 291 
Tail propukidn, 294 
Tofpa, 278, 281 

Folpa mropxa, 279*j ^0* 

Tainandua, 312 
Tnfi^A5t^A;fus, 465 
Tapeworme, 22, 230, 234, 241* 
Taplra, 33, 201, 205, 336, 636 
Tarantulas, 370 
Tardigrada, 63 L 
Tarpan, S9l^ 602 
644, 645* 

Tomuj, 300, 644 
Tflmu? fpecirum, 645* 

Tatjmama, znOgeographieai realm lep- 
resented in, 51 

Tasmeijiiaia wolf, ]24j ]38p 193, 194 , 
255, 257, 508 

Tamnnmic elan^catkm, 17 
Tayoaru, 600 

Teeth, bunodnnt, 607 
Teeth, buncHSGleaodnni, 607 
Teeth, camaanal, 258^, 508, 518^ 565 
Teeth, herbivoMua, 259 
Teeth, heterodont, 258* 

Teeth, Egldy specialized, m cause of 
e^luetion, 

Teeth, in aquatic foim^ 299 
Teeth, in fossoriol forms, 279 
Teeth, m^tivomiu, 239 
Teseth, losa of, aa sign of degeneracy^ 
189 

Teeth, myrmecophagffua, 260 
Teeth, of camels, 609 
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T«cth, of etEph&nto, 561*^563*. 567, 
56S* 

Teeth, q{ FcliIlfl^^ 521 

of boE^, ass, &S7*, oS8* 
Teeth, of mao, 65e, 65S 
Toeth, omni^oroEiap 2b0 
Tcethp eelcDodoot^ 607 

Tdkijoiiyp ®S 

Tcleosteif 25, 190, 441, 443 
TeinpuraturCp infliiubce of, on die- 
tribulioD, 37, 3S 

Tcmper^turep of Allaiitic Oeoan, ^ 
Temperalufi?, of MediltJxaiveaji Sea 
33 

Ttniperatbib wrtretucSp in desortSp 367 
Teotacfeap 22 
TeraluloKy^ 07 
Tff^oscifiOiJp 368, 371 
Trrffia beiMoimf^r 22l 
fiatipet, 220 
JVnTM* 219* 

Termites, 218^221^ 403, 423 
Tcnmlopliiles, 221 
Temp, Ok 201 
Tortiajy birds, 493 
Tertiarj^ fosgii fields^ 331 
Tertifijry^ inserts, 423 
Tertiary mastodaiiH, 375 
Tertiary Ptoliowidca, 572 
Tertiary radiation of ntammala^ 257 
Ttrtiajy' sedinwmtap mode of i^po^ 
tion of, 122 

TertLarj-^ tiniej 45, 63, 135 
575 

Tefmfieifjdan onyTi^idrTiff, 575^ Plato 
XXIf 

TetrabranchiatA, 394> 395 
Tetrahranehialaj evolution of, 399 
Tetrabranrhiatap ^eolo^cal tuEtory 
ofp 395 

Trlr^ieeruji ^adrfb?f7t», 39 
Tftmhpfuxim, 571, 575, 577 
Thaiattnaaona, 294, 461 
Thalaltoeuehia, 294, 295, 297^ 461 
Theccxloatim 453, see also ParaEiiclua 
TAeoMdmp 629% 634, 635 
Thepomorpha, 25, see also Pelyeo- 
saiiria 

Theropoda, 465, 466, 469 
Thitutptii nnJ^ubJ, 75, 450, 451* 
ThmW, Russian, 364 
Thoaihmam, 154, 629*, 635 
TAoTTuuid, 503 


Ttonwoii, J. A., 29, 56. 57, 64, 91,93, 
I IB, 127,130,146,175,176, £05, £36 
TAemcop/craj^ 325 
Tbylacinesj 6^ 

Thytaojnai, 124, 138, 190, 255, 506, 
62®. 639 

Thymus tKxiu^, 140 
Thy-rad glands^ 140 
Tbysanura, 406, 407, 409. 417 
Tidal zone, 55 
TigeiMjatflp 46 
Tiger saiamaiider^ 202 

37, 43, 121, 200, 52k 531 
Tinocera^ 514* 

JYiicdoft, 503 
TYtaaoHitrrtrj, 4fiS 
TJtanotherea^ 102, 155, 103 
Tttiuk, 25, 33, 42, 173, 13k 
Toads, hdnuecl, 369, 462 
Toads, Sunnam, 

TflmaHid, larva, 437* 

ToroifaurtiS, 465, 467, 436, 487* 
Torete, 362 
Tortoises, 25, 42j 176 
Tortoises, embryoa of, 664* 

Tortoises, CaJapagoa, 42, B4 
TflMdbn, 632, 63^-637* 

Toxodontia, 632 
Toiiodonta, 633 

Trachodovif gee ArwiifsMtrrus and 
//odroiiiunij 
Tragtilids, 607 
Trtmatodcs, 22 
Treviranna, It 

bedtt; 419* 

Triasaic dinosaurs, 4S& 

Triage period, 68, 70, 77 
Triasait period, olimatn of, 73 

<*6.5, 467, 486. 


rnchina worm, 230, 238, 239 
TjTnmodiwt, 502 
Triconodonift, 502, 504 
Triconodonta, 502 
Tnlobitea, 404, 41 4 I 9 '', 420 * 
Trilofcntes, dominance of 69 
Tn^ph^ 369% 571, 575, 576* 

575, Plate 


Tnlophaiimt ItiUi, 576* 
TniupAft/ffPi profbictM, 578 

TnlopbEJdonts, 566 
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TrUcmnodmf 50&* 

Triion 452* 

Trituberculatft, S03" 

Triii^hdon^ 503 
TroctictniiiiChcs, 22 
Trout, bTQok, 41,203, 205 
TrouvcJot^ Lrf 120 
Trifpanoioma 233* 

Tr^'P&nDsomca, 233 
TrypaiuwruniafiiH, 233 
103 

Tecu® fly, 233 
Tuatcm^ 1S5 

Tuberculo^ orgaoS&m, 230 
Tullberg, 540 

TimicAtes, 24, 32, 173, 174 ^ 434'^-^3G 
TurhcflAritt, ^ 

TufbotB, 119 
Turno, 551 
T551 
Tursiops tur^j 536*, 551 
Turtles 25, ISO. 2S9, 294, m, 461 
Turtk-s, mAiioe, 42, 61^ 2SS, 2S&*, 
300, 461 

TurtleS] Dorthem limit of, 3S 
Turtles, pea-, 31^ 300 
Turtles, souppiug, 159 
Tusks, 154 
Tylopixia, 60S 

TylopddHf cbuTRcteristira of, 608 
Typhlichih^ SubUrraneui, 343 
T^hlamoiie raikbunir 
TvpAfcjM, 36S, 401, 462 
spetpwffr 341 
Typotheres, 635 
Ti/pothma, 632 
Typotheriuru, 633 

T^jmAsaurus, 136, 2S8, 302, 465, 
466, 471^ 486, 4SS 
Ti^JifWMtrrui pen, PktQ IX 

Uirdaiheniim, 506* 512, 513-515,525 
Undinn, 443 

Uri^lA, 26, 557, 632. 633, 6W 
TJogulaUi, 263 

UngtilaLa, foseorml^ 277 
iriufonnitaiiaa school, 11 
Unto, 243 

tTnit^ ^States National Mu^um, 
473. 4S1 
UiiIviJ%'o?. 23 
Uiodcla. 25 
UTomotiix, 462 


447 

Ur^pdie, see Bearg 
orctos, 519* 

Use and diiiueo, law of, 143 

Van Dyke, J, C,, 361, 364, Wt, 372 
FdrOiriuff, 462 
Variationn 83, S5-92 
VarisLitMi^ eausgs of, 90 
Variation, inherent tenckucy to, 90 
Vajtaliotts, acquired, 86 
VariationSj constitutiniial limitations 
on, 154 

Variations^ eontinuous, S8 
Variations, Darwlniait, S8 
Variations, dotonnlnate, 87 
Variations, discontinuoue, E8, 39 
Vamtiuns, due to mutiktian or dis^ 
cose, 146 

Variati^^os, pnninal, 86, 87, 90 
Variations, ^riulual, causes of, 90 
Variations, indelerminale, B7 
V'artaiions, meri^ic, 89 
Variations, onto^netic, 147 
Variations, orthogenetic, 87j 104,151, 
530 

Variations, pamlSeUsms m, 153 
Variations, sorts ol, @6 
VarietiH, IS, 19. 20 
Yeddas. 639 

Venom, in desert format 369 
VennifojTTi appendix, 662, 663* 
Veriebne, ainipliflcation of, in aquatic 
typ05. 291 

Vertebral column, 15S 
Verli.4irateKkcleton,inechaiiJC3of, 156 
Vertebrates, 18, 24, 101, 119. 187,195 
Vertebrates, ainphibinus, 287 
Vertebrates, ancestral stocka of, 428 
Vertebrates, aqualie, 289 
ViiTtobratis, ChfLmberiin'‘s theory' re¬ 
garding origin oT, 427 
VurtebraUiS, ohnracteristies ol, 642 
Vertebrates, cursotiiJ, 262 
Vertebrates, deep^a, 355 
Vertebrates, defliiitioD qf, 425 
Vertebrates, embryos of, 456*. 664*, 
665* 

Vertebratofl, emergence of, 694 
Vertebrates, emergence of, fossil 
record of, 452 

Vertebrates, emergence of, summary 
of, 454 
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VfitvbnLtcSj Gnat sktlct^ reniains of, 
463 

VcrtebrjiU^j flyiELj^K 322 
Vcrttbratra, flying, deri vatiaa 304 

VcrtebrntcH, fn^tsail /oot^mnts of, 380, 
451p 462 

Vertebrate, fofmwi&J, 276 
Vi^rLubra'kia, or^n al, 425-43$^ 6^ 
Vertebrate, origin of, pli&ce of, 427 
VcirttibiTsitea, origin ol, dmq qf^ 427 
Vertebrates, par&sidc, 244 
Vertebrates^ primarily aquatic, 2S4 
VortebrateSj secondarily aquatic, 283^, 

Vertebrates, terrcatrial, anc^cisLry of, 448 
VcrtebmUHi, temaitrial, changca in, 
upon emergence, 44& 

Vcrtabmttas, terrasitiiaJ, ri^ of^ e& 
Vertebrates, theory of AmphiomM 
ahec^ry of, 432 

Vertebrates, theory of fmnebd od- 
o^lty of, 42S 
diagram illustrating, 420* 
VortebratfiSj tli^ry of artbjopod ail- 
cestiy of, 431 

VertebiaUa, tnomiitiqn ofj. from 
aquatic to tcmesLrial lifo^ €0 
Vesp^iiiio 332^ 

Vestigial organs^ 102, 

Vesuvius, 379 
\1cuita, 612, 340 
V^rm, 520 
Vivenid*, 520 

Vobmt adaptation^ see Adbpfo^^, 

VolcaniE!; aab^ fessila in, 381 
Vries, H. de, 12, 85, 90, 100 
Vtdpes J&8 

ry jw rtffffffiTW, 20 

WagneTj M., IS 
WaOape, A. R., 14, 120, 213 
Wall and rock dimbers, 305 
Walnutai 116 
Walrus, 201, 203 

Waspa, m. 21S, 360, 370, 408-410 
W'atcr, large bo^es of, as banieis to 
disperBal. 41 
Weasels, 200, 520 

WeisTnann, A,, lOi. 84, 04, 95, lOif 
143, 144, 146, 160, 213, 244 
Weyer's Csvq, flora of, 399 
Whalebone, 291, 301 


WTialea, 20, 31^ 43, 61, 63, 97, l€2, 
159, 216, 250, 253, 259, 273^ ^’2, 
291-29S, 299, 303, 402,516 
Whales, al^rmnt, i>38, 540 
WhaJes, ancesiml whalebonn, 541 
Whales^ Areb®ootll^ 541-544 
WhnIeSj, arcluiic, 541 
Whak^^^, baleen, 299, 301, 537, 539, 
540p 552 

Wbak-s, balwir jaws of, 537 
W^halijis, beaked, 541, 542, 545 
WhflJis, bluii'-holu qf^ 534 
Whales^ blubber of, 534 
Whs^^3, blue, 541 p 552, 553 
HlmleSj hottie-noeCt 541, 546 
Whalod, bo\K'bi>ad^ 555* 

Whales, brain of, 660 
Whuk^ eaebidot, 533, 535, 539, 541, 
543*, 545, 556, eec aka iV^oks, 

Apertn 

Whales, easing, 301 
Whalop California gray, sw also 
^mi/y 534, 553 
Whales, ^'case " qf^ 545 
W^akas, charucterisilcs of, 532 
Whales, contour of^ 532 
Whales^ coemopoliuiii, 539 
Whales, eow, 538, 541, 546 
Whalcsj cranium of, 5^ 

'^liis, ereodont anceatiy qf, 532 
Whals, dermal ossiclGa of, 549 
destruction of, 545 
Whalea, dktribiitioii o|^ 545 
Vr^ates^ dorsal fin of, 534 
hales, liuraticn of Hubmer^nec of* 
535 

W'haJea, ear of, 534 
Whales, embryo, 102, 301 

tvidence of evolution of, 540 
Whales, ejxi of, 534 
WhaJpg, fiLtmer, 541 

niikcH or, 532, .533, 535 
"iMilw, rtclal hflir of, 534 
wTialea, fort limhis of, 533 
Wh^, Greejulund, ]87, 334, 339, 
Ml, 331, S33*, 558 
Whales, h^ta of^ 539 
WWes, head of, 535 
Whales, hind limbs cf, 533 
Whales, humpback, B7, 299, 533 538, 
541.553,555* 

Whales, humphskck, vcstidal bind 
limba of, 533 


INDEX 


743 


Wlialca, kJlkr, 216, 294% S3S, 541, 
551 

Whitlus, hs^r killi^r, 539 
Whales^ loDg-bcaicefJ^ 54t 
Wlujj£»{, milk gbiKis ofp 53 & 

Whalw, MyBtaccLi, 54% 552-556 
Whnltis, tua^lrils of, 535 
Whalos^ Odonto(?titl, 541, 544-552 
Whilt^, ontcip^Eiy 0 % 540 
Whales, FaeiEc isee also Cali'- 

fomia 541, 554 
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Whales, teeth of, 538, 540 
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Wanna, 195, 230. 234, 237 
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Worms, flat-, 22, 239 
W^orms, bqb-. ISO 
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564, 573. 534, 586, 593, 600, 617, 
819, 633, 63S 
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Zebmaa, qua^^, €03 
Zebus, IS 

Zruffladoni 342 
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Pleaae help as to keep the bonk 
clean and moving. 
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